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THE SPERMATOGENIC ACTIVITY OF A®-PREGNENOLONE AND OF ITS ESTERS 

By G. Masson, Ph.D, 

MONTREAL., V. Q., CANADA 

(Prom the Institut de M6decine et de Chirurgie exp6rimentales. University de Montreal) 


A®-Phegnenolone possesses a consid- 
erable degree of sperinatogenic activity as 
shown by its ability to prevent the testicu- 
lar atrophy normally elicited by hypophy- 
sectomy,^-®-®’’^'^* estradioP or small doses 
of testosterone^^ Considered until re- 
cently a hypothetic intermediary in the 
biogenesis of the steroid hormones,^® it 
proved to be a physiologic body constitu- 
ent since Ruzicka and Prelog^^ isolated 
it from pig testes. Unlike the most active 
spermatogenic steroids, pure A®-pregnen- 
olone does not possess any undesirable 
action (e. g., Leydig cell atrophy^®), there- 
fore it is likely to become a useful thera- 
peutic agent. In this paper we report 
on recent investigations concerning the 
nature of the spermatogenic activity of 
A®-pregnenolone and of its acetate, propi- 
onate and benzoate. The melting points 
of the highly purified samples which we 
used for this work were: free compound 
187° to 189° C., acetate 146° to 147° C., 
propionate 119.5° to 120.5° C. and ben- 
zoate 191° to 192° C. 

Effects on Hypophyseciomized Rats. A 
first series of experiments was performed 
on immature albino rats weighing 40 to 
60 gm. (average 50 gm.) which were 
divided into 11 groups of 10 animals each. 


Treatment commenced on the day of the 
operation and was continued for a period 
of 10 days. At autopsy, the testis and 
the accessory sex organs were removed, 
fixed in “Susa,” weighed and sectioned. 
The sella turcica was always carefully 
examined to ascertain the completeness 
of the operation. Each compound was 
given at 2 dose levels, namely 1 and 
2 mg. a day dissolved in 0.2 cc. of oil. 
There were also 3 groups of controls ; the 
first and second consisted of normal un- 
treated rats sacrificed respectively on the 
1st and 11th day of the experiment; the 
third consisted of hypophysectomized 
untreated animals. 

As indicated in Table 1, none of these 
compounds assured normal testis growth 
in the absence of the hypophysis. At 
best they maintained this organ approxi- 
mately at the degree of development 
which had been attained at the time of 
hypophysectomy. None of the esters 
proved more active than the free com- 
pound. That the benzoate appeared least 
active is probably due to its comparatively 
slow absorption rate. There was no 
marked difference between the effects at 
the 1 mg. and the 2 mg. dose levels. 

Similar experiments were performed in 


FoundationTf^Montrea/’^' defrayed through a grant received from the Frank W. Horner 

The steroids were generously supplied by Dr. Elofson of P. W. Horner Limited, Montreal, and the 
luteimzmg hormone (A. F. L.) by Dr. Stanley Cook of Ayerst, McKenna & Harrison Limited Montreal 
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(100 I.U. a day). On the 15th day of 
treatment, that is, on the 29th day after 
hypophysectomy, the animals were sacri- 
ficed. The results are expressed in Table 3. 
From these data it appears that A®-preg- 
nenolone alone or in combination with 
the luteinizing hormone is completely inef- 
fective in increasing the testis weight 
after hypophysectomy. The testis weight 
is approximately the same in Groups I 
and II on one side and in Groups III 
and IV on the other. On histologic exam- 
ination the germinal epithelium was mark- 
edly atrophic in all groups. The Leydig 
cells were atrophic in Groups I and II 
while in Groups III and- IV they formed 
large clumps which account for the in- 
crease in testis weight over the controls. 
This interstitial cell stimulation manifests 
itself furthermore by the marked develop- 
ment of the seminal vesicles and prostate. 


Group III estradiol (200 y a day), Group 
IV estradiol (2 mg. a day) plus pregneno- 
lone (10 mg. a day), and Group V estradiol 
(200 7 a day) plus pregnenolone (10 mg, 
a day). Both steroids were in oil solution. 
On the 15th day of treatment the animals 
were killed and the organs taken for 
Aveight. The results expressed in Table 4 
evidently show that the degree of protec- 
tion given by A^-pregnenolone varies with 
the amount of damage caused by the 
2 doses of estradiol. This protecting 
effect applies to the spermatogenic epithe- 
lium as indicated by testis weight as well 
as to the Leydig cells as indicated by the 
Aveight of the seminal A'^esicles. It has 
been shown by Selye and Albert^® that 
A®-pregnenolone has no effect on the 
seminal vesicles of the castrated rat. 
Incidentally the adrenal stimulation caused 


Table 3.— Effects of A‘-Pbegnenolone and Luteinizing Hormone on 
Hypophysectomized Rats 






Seminal 




Daily- 

Testis 

vesicles 

Prostate 

Group 

Treatment 

dose 

(mg.) 

(mg.) 

(mg.) 

I . . 

. « • « * * 

, , 

196 (33)* 

9 (5)* 

14 5 (7)* 

II . . 

. A‘-PregnenoIoiie 

2 mg. 

189 (10) 

10.5 (4) 

17.5 (7) 

Ill . . 

. . A ^-Pregnenolone 

2 mg. 

1 




+ 


1-326 (21) 

134 (16) 

101 (8) 


L.H. 

100 1.H. 

j 



IV . , 

. , L.H. 

100 I.U. 

408 (30) 

133 (13) 

118 (10) 


* Standard error. 


Effects on Estradiol Treated Bats. The 
first experiment is merely a repetition of 
a previous work made by Albert and 
Selye.2 It was undertaken because at 
that time a sample of the pregnenolone 
used by these authors showed a fairly 
strong folliculoid actiAuty at the daily dose 
of 3 mg.,^® while with the present sample, 
a dose of 50 mg. Avas necessary to obtain 
the same result. It is therefore consid- 
ered possible that impurities might haAm 
masked some of the spermatogenic effect 
of this compound. 

Male albino rats weighing 150 to 180 gm. 
(average ICO gm.) Avere divided into 4 ex- 
perimental and 1 control groups of 6 
animals each. The treatment was as 
follows; Group I consisted of untreated 
controls, Group II estradiol (2 mg. a day). 


by estradiol is also slightly diminished by 
pregnenolone. 

In order to study the effect of A®-preg- 
nenolone on the regeneration of the testis, 
experiments AA^ere performed on rats pre- 
viously treated Avith estradiol. Albino 
rats weighing 150 to 180 gm. (average 
160 gm.) were divided into 6 groups of 
10 animals each: 5 experimentals and 
1 control. Group I received estradiol for 
21 days then remained untreated for 
21 days; Group II received estradiol for 
21 days then A®-pregnenolone for another 
period of 21 days; Group III remained un- 
treated for 21 days then received estradiol 
plus A®-pregnenolone for another period 
of 21 days; Group IV receiA'^ed A®-preg- 
nenolone for 42 days; Group V remained 
untreated for 21 days then received 
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estradiol for another period of 21 days; 
Group IV consisted of untreated controls. 

Estradiol Avas administered in the form 
of 2 pellets of 10 mg. each per animal which 
were removed whenever the treatment 
was discontinued; A®-preghenolone was 
injected at the dail^' dose of 10 mg. (oil 
solution at the concentration of 25 mg. 
per cc.). On the 43rd day of treatment 
the animals were sacrificed and the tissues 
were remoA'ed for weight and histologic 
examination. 


between Groups IV, V and VI, it is doubt- 
ful that the difference is A'ery significant 
between Groups I, II and III. 

In order to evaluate these results it' 
was necessary to repeat a similar experi- 
ment using comparatively A®-pregneno- 
lone and testosterone. For this purpose 
5 groups of 10 albino rats weighing 40 
to 65 gm. were used. After an initial 
period of treatment consisting in the 
implantation of two 10 mg. pellets of 
estradiol per animal for a period of 14 days. 


Table 4, — Effects of A'-Phegnenolone in Rats Tkeated With Various Doses of Estradiol 


Group 

T 

Treatment n-ith 
daily dose 

1 

II . . 

Estradiol, 2 mg. 

Ill , . 

. Estradiol, 200 y 

IV 

. Estradiol, 2 mg. 

V . . 

+ 

Pregntnolone, 10 mg. 

. Estradiol, 200 y 


+ 

Pregnenolone, 10 mg. 


Testis 

Seminal 

vesicles 

.Adrenals 

(mg.) 

(mg.) 

(mg.) 

2455 (97)* 

282 (34)* 

25 (1 5) 

1124 (103) 

77 (11) 

48 (5) 

1416 (126) 

87 (9) 

42 (3 4) 

1864 (175) 

115 (4.8) 

43 (2 7) 

2018 (155) 

161 (2 5) 

36 (2 9) 


* Standard error. 


Table 5.— Effect op A’-Preqnenolone in Estradiol Treated Rats 


Groups 

Pcelreatment 

Treatment 

I 

. Estradiol 


11 

Estradiol 

Pregnenolone 

III . 


Estradiol 

+ 

Pregnenolone 

IV 

Pregnenolone 

Pregnenolone 

V 


Estradiol 

AT . . . 

* Standard error. 



From Table 5 it appears that at the 
dose of 10 mg. A®-pregnenoIone (1) has 
no damaging effect on the testis (compare 
Groups IV and VI), (2) prevents to a 
certain degree the testis atrophy produced 
by estradiol (compare Grciups III and V), 
(3) does not significantly influence the 
regeneration of testis previously damaged 
by estradiol under these conditions (com- 
pare Groups I and II). 

The testes Avere histologically examined 
and the degree of spermatogenesis ex- 
pressed on a scale of 0 to 4. In the table 
Ave give the average with, in brackets, 
the range in the degree of spermatogenesis. 
While the differences are A-ery striking 


Testis 

Seminal 

vesicles 

Adrenals 

Sperms 

togenesi» 

(mg.) 

(mg.) 

(ms.) 

from 0 to 4 

911 

(85)* 

60 (7 8)* 

49 (1 5)* 

1 30 

826 

(76) 

66 (6 6) 

45 (2) 

1 10 

742 

(85) 

51 (2.5) 

44 (2 7) 

0 85 

2028 

(73) 

370 (25) 

32 (1 5) 

4 00 

519 

(31) 

47 (1 4) 

39 (2 S) 

0 

2098 

(69) 

375 (31) 

27 (0 7) 

4 00 


the A’^arious groups were subsequently 
treated in the folloning manner: Group I 
remained untreated; Group II receiA'-ed 
pregnenolone (10 mg. a day); Group III 
received testosterone (10 mg. a day); 
Group IV receiA^ed testosterone (2 mg. a 
day); Group V receiA>-ed pregnenolone 
(10 mg. a day) plus testosterone (2 mg. 
a day). On the 29th day after pellet 
implantation the animals were killed. 
The results are summarized in Table 6. 
It is obAuous that a marked difference 
e-xists between the actiAutj’^ of A^-preg- 
nenolone and that of testosterone. Test- 
osterone at the 2 mg. dose leA'el does not 
influence to any great extent the regenera- 
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tion of the testis, while at the 10 mg. 
dose level it accelerates it markedly. On 
the contrary pregnenolone at the dose of 
10 mg. maintains the testis in atrophic 
state by inhibiting the regeneration proc- 
ess. However, it is interesting to note 
that the seminal’ vesicles are perhaps 
more stimulated in Group II which 
received pregnenolone than in Group I 
which remained untreated. This would 
suggest that pregnenolone which is not 
testoid has stimulated the secretion of 
endogenous testoid hormone. 


tomy, treatment with estradiol, small 
doses of testosterone or non-specific agents. 
The observations of Nelson, Cutuly,®'^ 
Selye and Priedman^* and Masson^ showed 
that these steroids can be divided into 
2 groups: those which are capable of re- 
storing spermatogenesis in a testis pre- 
viously rendered atrophic by hypophysec- 
tomy (compounds of the testosterone and 
androstenediol type), and those which do 
not possess this property (compounds of 
the progesterone type). The experiments 
reported in this communication support 


Table 6. — Effect of A®-Phegnenolone and Testosterone on Rats Previously 


JL rtO XJiU KJm 

Treated With Estradiol 



Treatment witli 

Testis 

Seminal 

vesicles 

Group 

daily dose 

(mg.) 

(mg.) 

I . . 


527 (65)* 

49 (4)* 

II . . 

A®-Pregneno)one, 10 mg. 

237 (15) 

61 (6) 

Ill . . 

. Testosterone, 10 mg. 

888 (71) 

822 (51) 

IV . . 

Testosterone, 2 mg. 

410 (71) 

246 (10) 

V . . 

A^-Pregnenolone, 10 mg. ' 

+ } 

344 (21) 

204 (10) 

* Standard error. 

Testosterone, 2 mg. j 




Due to the significance of these results 
from the point of view of the mode of 
action of the spermatogenic steroids, it 
seemed to the author that before discuss- 
ing such a possibility, another experiment 
should be undertaken. Rats weighing 85 
to 95 gm. were used and divided into 
4 groups pretreated for the same length 
of time with estradiol. The treatment 
was as follows: Group I untreated con- 
trols, Group II pregnenolone (10 mg. a 
day). Group III testosterone (5 mg. a 
day) plus pregnenolone (10 mg. a day) 
and Group W testosterone (5 mg. a day). 
The animals were killed after 10 days of 
treatment. The average testis weight 
was respectively 810, 261, 583 and 547 mg. 
for each of the successive groups. These 
data, therefore, confirm the previous con- 
clusions concerning a difference in the 
way of action between testosterone and 
pregnenolone. 

Summary and Conclusions.. By sper- 
matogenic actirity of steroid compounds, 
we understand their ability to prevent 
testicular atrophy following hypophysec- 


the value of this classification. We have 
shown that testosterone accelerates, while 
A®-pregnenolone inhibits the regeneration 
of the atrophic testis. One can say that 
testosterone is an active spermatogenic 
compound which directly stimulates the 
proliferation of the germinal epithelium, 
while A®-pregnenolone is a passive sperma- 
togenic agent, whose action consists merely 
in protecting and maintaining the testis 
in the condition in which it is at the 
commencement of treatment. 

This classification may serve as a basis 
for the rational selection of gonadotrophic 
steroids for clinical use. The steroids 
which belong to the testosterone and 
androstenediol type should only be used 
when the testis is already damaged because 
in the case of almost normal testes, there 
is a danger of causing Leydig cell atrophy 
by such treatment and this may repre- 
sent a greater evil than the diminution in 
the spermatogenesis. Conversely A®- 
pregnenolone should only be used if a 
comparatively normal testis is. to be pro- 
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TESTOSTERONE IN ANGINA PECTORIS 

By Eugene B. Levine, M.D. 

ASSISTANT DIHECTOR, DEPARTMENT OF MEDICINE, PBRMANENTE FOUNDATION HOSPITAL 

AND 

Alvin L. Sellers, M.D. 

BESIDENT PHYSICIAN, MEDICAL SEBVICE, PERMANENTE FOUNDATION HOSPITAL 

OAKLAND, CALIFORNIA 


The problem of treatment of angina 
pectoris continues to vex the internist, 
and while nitroglycerin remains our most 
effective agent in relieving each attack as 
it occurs, the search for a medication 
which will eliminate or greatly reduce the 
frequency of attacks in those affected by 
the disease continues. 

Testosterone preparations have been 
recommended, and recently the use of 
testosterone propionate injections was 
brought to popular attention by an article 
in the lay press and a book by a popular 
writer. Interest in the value of this drug, 
which is rather expensive and requires a 
somewhat tedious course of injections, con- 
tinues high. 

Review of the literature reveals that in 
1940 Walker^® first reported definite sub- 
jective improvement, increased emotional 
and exercise tolerance, decreased severity 
of pain and general increase in strength 
in 4 of 5 patients suffering from angina 
pectoris. In a later report the same author 
obtained improvement in 7 of 9 men and 
2 of 3 women, but 1 of the men had a cor- 
onary occlusion during the course of 
treatment. 

Lesser,®'® in 2 enthusiastic articles, 
claimed excellent results in a total of 
41 men and 5 women, treated with testos- 
' terone propionate, 25 mg, intramuscularly 
every 2 to 5 days for 5 to 25 doses, with an 
average of 11 doses. Improvement ap- 
peared in 4 to 6 weeks and was well sus- 
tained. Hamm* also reported favorably, 
Sigler and Tulgan,^i treating 20 cases 
which had been demonstrably relieved by 
nitroglycerin, noted marked relief in 1 1 and 
no relief in 4. Strong and Wallace,^® in 
1944, reporting 20 cases, obtained marked 
relief in 6 and slight to moderate, transient 


improvement in 11, with no relief in 3, and 
concluded that hormones have some value 
in treatment of angina pectoris. 

Goldman and Markham^ treated 7 cases 
of effort syndrome which they considered 
a complication of the male climacterium, 
and noted favorable response in 6. The 
seventh which they diagnosed as true 
cardiac angina, did not respond. McGav- 
ack® treated 8 similar cases not responding 
to nitrites and observed prompt and 
dramatic relief from 24 to 48 hours. He 
suggested that this response be used as a 
diagnostic test to differentiate functional 
“climacteric” angina from true “organic” 
angina. He stated further that the pains 
of organic heart disease have never re- 
sponded rapidly and completely, if at all, 
to testosterone. He felt that the testos- 
terone orally was as effective as testoster- 
one parenterally administered. 

Levine and Likoff,'^ in 1943, analyzed 
19 cases of definite angina pectoris, 3 of 
whom had coronary occlusion, treated with 
25 mg. of testosterone propionate intra- 
muscularly 3 times a week for 4 to 7 
weeks. Marked temporary improvement 
was noted in 5 cases but there was no 
change in 11 cases. These authors were 
unable to conclude that testosterone was 
of any benefit, considering the vagaries of 
the disease. Hurxthal^ reported equivocal 
results with oral and intramuscular ad- 
ministration in 19 cases, and disappoint- 
ing results from pellet implantation . Rise- 
man^® classified testosterone among agents 
of no value in treatment of angina pectoris. 

Waldman,^^ in November 1945, endors- 
ed testosterone as a treatment for true 
angina pectoris on the basis of his experi- 
ence in 10 cases, and what he presents as 
objective electrocardiographic evidence of 
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increased exercise tolerance. This evi- 
dence is not convincing. 

The conflicting reports suggested to us 
that testosterone preparations had value 
in some condition which, if not true angina, 
was similar enough in its clinical manifes- 
tations to lead to considerable confusion. 

Obviously, not all recurrent chest pain 
is angina and not all precordial pain is 
angina. The pain of angina is character- 
istically retrosternal and not precordial. 
A syndrome has been described due pur- 
portedly to failure of gonadal function in 
the male, occurring usually after the age 
of 30, but as early as 25 years of age, and 
termed the male climacteric. Symptoms 
of this condition include fatigability, pal- 
pitation, weakness, dyspnea, abdominal 
pain and nervousness. We have noted 
that a feeling of tightness in the chest and 
of precordial or rarely substernal aching 
or fullness might also be present, suggest- 
ing angina pectoris. This has been pre- 
viously described.^ Considerable concern 
over the possibility of heart disease was 
often apparent, and in manj'- instances 
the true retrosternal pressure pain, chok- 
ing and vasomotor phenomena of angina 
pectoris were present in addition to and 
apart from the less specific symptoms of 
male climacteric. The complaints of im- 
potence of rather recent development, in 
conjunction with hot flashes and the other 
symptoms attributed to the male climac- 
teric were accepted as identifying a par- 
ticular syndrome, whether or notsymptoms 
of true angina pectoris, were also present. 
Thus, 2 . clinical entities, true angina pec- 
toris, and a somewhat different chest dis- 
comfort related to tlie male climacteric 
came immediately under observation; both 
syndromes were coexistent in several 
patients. The question of whether the 
sjunptoms attributed to the male climac- 
teric were altogether due to it, or due in 
part to an.xiety neurosis or so-called neuro- 
circulatory asthenia did not seem to re- 
quire consideration in the present con- 
nection. 

We set out to answer the following 
questions : 


1. Does testosterone propionate by in- 
jection or methyl testosterone by sub- 
lingual administration have any value in 
treatment of true clinically diagnosable 
angina pectoris? 

2. Do either of these preparations have 
a field of usefulness in relieving the chest 
discomfort associated Avith male climac- 
teric or nervous instability occasionally 
encountered in individuals of the age 
group commonly subject to angina? 

3. Is there any difference in the effect 
of the drug depending on the route of 
administration, whether parenteral or sub- 
lingual? 

Materials and Methods. Twenty-four 
male patients, age 33 to 76 years (average 
54 j'ears), all but 1 of whom had been 
referred to us with the prorisional diag- 
nosis of angina pectoris, were studied. 
They had had symptoms from 2 to 
72 months before treatment was begun, 
vdth an average duration of illness of 
16 months prior to treatment. Electro- 
cardiograms were obtained in all cases 
and Roentgen ray study of the chest per- 
formed when indicated. 

On the basis of the clinical and electro- 
cardiographic findings, patients were classi- 
fied by diagnoses into 3 main groups as 
follows : 

Group 1. True angina pectoris — 21 pa- 
tients. 

Group 2. Male climacteric with chest 
discomfort but not true angina pectoris — 

2 patients. 

Group 3. Male climacteric symptoms 
alone — 1 patient. 

Three subgroups appeared. These were; 
Subgroup 1. Symptoms of male climac- 
teric in addition to true angina pectoris— 

10 patients. 

Subgroup 2. Cardiac neurosis with true 
angina pectoris — 2 patients. 

Subgroup 3. Cardiac neurosis with cli- 
macteric syndrome — 1 patient. 

Vahmlar heart disease was present in 
2 cases of the series, due in both cases to 
rheumatic heart disease. In 1 aortic sten- 
osis and insufficiency and mitral stenosis 
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were present and in the other minimal 
aortic stenosis alone. 

Hypertension, with blood pressure con- 
sistently greater than 140/90 was present 
in 6 cases. 

Four patients had had definite coronary 
occlusion proved by history and electro- 
cardiographic changes before the treat- 
ment was instituted, and 4 other patients 
may have had old myocardial infarction, 
although their histories were not conclu- 
sive and their electrocardiograms were 
only suggestive. 


glycerin required. (3) The response to the 
exercise tolerance test of Master.^^ This 
test was applied in only 7 cases and no 
change was apparent as a result of treat- 
ment in any. The test was not used more 
extensively because of the difiiculty of 
maintaining the same conditions as to 
room temperature, physical status of the 
patient and time of day, all of which may 
influence the result and make it difficult 
to interpret. 

Results with reference to the symptoms 
of male climacteric or of cardiac neurosis 


Table 1. — Resvltb in Relation to Diagnostic Category 

Results 


No, 

patients 

21 

Diagnostic 

category 

True angina pectoris 

No 

improve- 

ment 

11 

Slight 

improve- 

ment 

4 

Moderate 

improve- 

ment 

4 

Marked 

improve- 

ment 

2*t 

Death 

1 

Total 

courses 

22 

2 

Climacteric wnth chest 
discomfort (not an- 
gina pectoris) : 
Climacteric (general) 
Chest discomfort 




2t§ \ 
2t§ / 


2 

1 

Climacteric 


. . 


1 

. . 

1 

10 

Climacteric symptoms 
with true angina 
pectoris; 

Climacteric 

Angina 

2lf 

5 

2 

1 

6 

1 

1 } 

10 

2 

Cardiac neurosis with 
true angina pectoris 

1 



It 


2 

1 

Cardiac neurosis and 
climacteric 




1§ 


1 


* 1 patient was 75% improved. 

t 1 patient had a large psychic element. Said he "felt like a new man" after the third injection, 
t All symptoms helped by 1 injection (I case). 

§ Relief after 4 weeks treatment, Schedule C (alcoholic with severe cardiac neurosis). 

*[[ No record kept as to effect of treatment on climacteric symptoms in 1 additional case. 


Two routes of administration were used, 
intramuscular and sublingual. Twenty- 
five courses were given, 1 patient receiving 
both sublingual and intramuscular medica- 
tion. The dosage schedules are indicated 
in Table 2. 

Results with reference to the anginal 
symptoms were evaluated and classified as : 
No Response, Slight, Moderate, or Marked 
Improvement. There was 1 death after 
treatment was begun. Evaluation was 
based on: (1) Questioning the patient as 
to his subjective response. (2) Question- 
ing the patient as to the amount of nitro- 


were classified simply as : Relieved or Not 
Relieved, on the basis of the patient’s 
replies to questioning. 

Results. The results we obtained are 
summarized in the following tables: 

Table 1 shows the results of treatment 
according to diagnostic category. 

Of the 21 patients with true angina 
pectoris who received a total of 22 courses 
of treatment, 11 showed no improvement, 
4 showed slight, 4 moderate, and 2 marked 
benefit. One died of coronary occlusion 
72 hours after treatment was begun. The 
occlusion occurred after 3 doses of methyl 
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testosterone had been taken (see Table 2). 
Of the 2 patients v-ith marked improve- 
ment, 1 was considered about 75% re- 
lie%^ed, but was not cured, and 1, who 
showed a large psychogenic factor and 
was classified also in the group of cardiac 
neurosis -ndth true angina said he "felt like 
a new man” after the third injection. 
These results are not startling and hardly 
justify any claim that these drugs in the 
dosage employed are of real benefit in true 
angina pectoris. 


5 cases, slightly improved in 2, moderately 
improved in 1, and markedly improved 
in 1. One patient, pre\’iousljf mentioned, 
died shortly after treatment was insti- 
tuted. Again the lack of parallelism be- 
tween the responses of the 2 groups of 
symptoms is demonstrated, and the lack 
of value of testosterone in treatment of 
angina is emdent. 

Two patients m'th significant cardiac 
neurosis and true angina pectoris were 
treated. One was not helped and the 


Table 2. — Results in Relation to Dosage Schedule and Route of Administration 




Angina pectoris (21 patients) 

Climacteric (13 patients) 

Schedule 

A . . 

Total No. 

Slight Moderate 
No improve- improve- 

Marked 

improve- 


Not 

courses 

. . 1 

response ment ment 

1 

ment Died 

Relieved 

relieved Died 

B . . 

. . 3 

111 


2 


C . . 

, . 7 

1 1 2 

1 

3 


D . . 

5 

2 11 

1 

1* 


E . . 

. . 8 

6 1 


1 

4 

E'. . 

. . 1 

Patient had coronarj' occlusion 24 1 

hours after treatment started and 
died 48 hours later 


1 


* Effect on symptoms of climacteric not recorded in 1 additional case. 

Total weekly 


dosage 

Schedule . (mg.) 

A. 25 mg. testosterone propionate intramuscularly once weekly for 6 weeks ... 25 

B. 25 mg. testosterone propionate intramuscularly twice weekly for 6 weeks . . 50 

C. 25 mg. testosterone propionate intramuscularl}' 3 times weekly for 4 weeks . . 75 

D. 5 mg. methyl testosterone sublingually twice daily for 6 weeks 70 

E. 5 mg. methsd testosterone sublingually 3 times daily for 4 weeks .... 105 


The 2 patients with climacteric symp- 
toms associated with chest discomfort 
consisting of precordial pain or oppression, 
dj'^spnea and left mammary pain were both 
markedly benefited with regard to both 
general symptoms and chest discomfort. 
Although the number is small, the drug 
seems to have considerable value here. 

One patient with climacteric symptoms 
alone was greatly helped. 

In the group of patients with angina 
were 10 whose angina was complicated by 
symiptoms of male climacteric. The cli- 
macteric sj’mptoms were unrelieved in 2 
of these. There was no record kept of 
results in 1, and relief was obtained in 6. 
The sjTnptoms of angina did not react in 
a similar fashion, but were unrelieved in 


other patient, prew'ously mentioned, in 
whom the psychogenic factor was hard to 
evaluate accurately but in whom it was 
felt true angina was present, was relieved. 

One patient with severe cardiac neurosis 
and precordial discomfort associated with 
the climacterium was relieved. 

Table 2 shows the influence of the route 
of administration and dosage on the effec- 
tiveness of the drug. 

With regard to the sjTnptoms of angina 
pectoris, it apparently made little differ- 
ence whether the drug was given sub- 
linguallj’' or parenterally as little benefit 
was obtained anj-wajT 
The climacteric sj-mptoms were more 
nniformlj' relieved bj’ parenteral adminis- 
tration of testosterone propionate than by 
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sublingual administration of methyl test- 
osterone in the dosage employed. 

A note regarding dosage of the drug for 
sublingual use is in place here. The 
weekly total dose is shown in the table. 
The effective dose of testosterone given 
orally is supposed to be 3 or 4 times the 
intramuscular dose.^^’“ The effective in- 
tramuscular dose in our experience was 
50 to 75 mg. per week. The expected 
effective oral dose would therefore be 
150 to 300 mg. per week. The dosage of 
methyl testosterone linquets for sublingual 
administration is supposed to be from one- 
half to two-thirds of the calculated oral 
dosage.®'^ Thus an effective dose might 
be expected to fall between 75 and 200 mg. 
each week. Our patients received either 
70 or 105 mg. each week. These dosage 
schedules were chosen for the sake of con- 
venience, and because it appeared from 
studying other reports that they should 
provide sufficient medication. In this 
connection it is noteworthy that Heller 
and Myers,® in treating the male climac- 
teric, found sublingual methyl testoster- 
one unsuitable because it was ineffective 
or produced undesirable side reactions, 
such as burning of the mouth, swelling of 
the gums, nausea, vomiting, heartburn, 
weakness of the legs, tinnitus, vertigo and 


headache. In 2 of our cases, untoward 
symptoms were associated with sublingual 
administration, 1 patient claiming that 
methyl testosterone kept him awake and 
the other that it caused indigestion. Both 
felt that the attacks of angina increased 
in frequency while taking the drug. 

Conclusions. Although this study deals 
with a small and statistically insufficient 
group of cases, the indications seem fairly 
clear. 

The questions posed earlier may now be 
answered. 

1. Neither testosterone propionate in- 
tramuscularly nor methyl testosterone 
sublingually appears to have any value in 
the treatment of angina pectoris. 

2. Testosterone preparations appear to 
be of definite value in relieving the chest 
discomfort sometimes associated with the 
male climacterium or the similar precordial 
ache of neurocirculatory asthenia occa- 
sionally encountered in individuals in the 
age group commonly subject to angina 
pectoris. 

3. In their field of usefulness, parenteral 
administration of 25 mg. of testosterone 
propionate 2, or preferably 3, times weekly 
is to be preferred to the rather ineffective 
administration of methyl testosterone 
sublingually in doses of 10 or 15 mg. daily. 


REFERENCES 

1. Goldman, S. F., and Makkham, M. J.: J. Clin. Endocrinol., 2, 237, 1942, 

2. Hamm, C. G.; J. Clin. Endocrinol., 2, 325, 1942. 

3. Hellek, C. G., and Myers, G. B.: J. Am. Med. Assn,, 126, 472, 1944. 

4. Hubxthal, L. M., and Wilson, W. H.: Lahey Clin. Bull., 3, 237, 1944. 

5. Lesser, M. A.: New England J. Med., 226, 61, 1942. 

6. Lessee, M. A.: New England J. Med., 228, 185, 1943. 

7. Levine, S. A., and Likoff, W. B.: New England J. Med., 229, 770, 1943. 
S. Lisser, H., and Curtis, L. E.: J. Clin. Endocrinol.. 3, 389, 1943. 

9. McGavack, T. H.: J. Clin. Endocrinol., 3, 71, 1943. 

10. Riseman, j. E. F.: New England J. Med., 229, 670, 1943. 

11. Sigler, L. H., and Tulgan, J.: New York State J. Med., 43, 1424 1943 

12. Spence, A. W.; Brit. Med. J., 1, 668, 1942. 

13. Strong, G. F., and Wallace, A. W.: Canad. Med. Assn. J., 50, 30, 1944 

14. Waldman, S.: J. Clin. Endocrinol., 5, 305, 1945. 

15. Walker, T, C.: Med. Rec. and Ann., 34, 667, 1940. 

16. Walton, R. P.: J. Am. Med. Assn., 124, 139, 1944. 


12 


uungal: echinococcosis in iceeanb 


ECHINOCOCCOSIS IN ICELAND 
By Niels Bengal, M.D, 

pRorEssoK OP Pathology 

REYKJAVIK, ICELAND 

(From the Department of Pathologj', University of Iceland) 


Hydatid cj^sts have during the last 
centuries been of frequent occurrence in 
Iceland. Reliable statistics are not avail- 
able, but Schleisner*® estimated that 1 out 
of 7 persons suffered from this disease 
about the middle of the 19th centurj\ 
Of 2600 patients of all ages which Ice- 
landic physicians had examined at that 
period, according to official medical re- 
ports 1 out of every S bad liver disease. 
But of Schleisner’s 326 patients, 1 out of 
every 6 had hydatid cysts. However, 
Magndsson® found many faults with 
Schleisner’s calculations, regarding these 
estimates as far too high. 

Schleisner’s estimates have been cited 
in the medical literature, and up to the 
present they have been the basis of infor- 
mation upon which the medical world has 
depended with regard to this disease in 
Iceland. 

A little later Finsen® found 298 patients 
■wdth hydatid cj'sts out of a total number 
of 7044, or 1 of every 22.6. This author 
thought this number proportionally too 
high, as many patients with this disease 
came to him from outside his district. By 
counting hydatid patients in families of 
his personal acquaintance he found 13 pa- 
tients in 46 families with a total of 561 
members, or 1 in 43. Finsen inclined to 
conclude that 1 of every 40 to 50 inhabi- 
tants in this country harbored hydatid 
cj’-sts. 

In a monograph on hydatid disease 
Jonassen^ criticized Finsen’s calculations, 
chiefly on the ground that Finsen had not 
seen the majority of his patients and had 
only operated on 50 of 298. Jonassen 
tried to form an estimate by inquiring 
among 13 medical officials whom he re- 
garded as trustworthy and obtaining re- 
ports from them on all known patients 
with hydatid cysts in their districts, where 


the total number of inhabitants was 
knorni. 

The result of this inquiry was that out 
of 9982 indiHduals 122 were found nnth 
clinicallj' manifest hj^datid cysts or 1:82. 
Jonassen considered this a low estimate, 
because ReykjaHk was included, where 
he found only 1 patient among the 2000 
inhabitants. By omitting Reykja\'ik the 
ratio was brought up to 1:61, which he 
considered a reasonable estimate for the 
whole country. 

The only available autopsy reports 
prerious to the one here presented are 
from the leprosy hospital outside Reyk- 
jaHk where Bjarnh4dinsson* found hyda- 
tid cysts in 20 out of 86 autopsies, or in 
30%. G. Magniisson, however, thought 
these findings not representative for the 
whole population, as the lepers were from 
homes which might be e.xpected to have 
a higher rate of echinococcosis than the 
average. Magnvisson® tried to make an 
estimate of the infestation rate of the 
entire country, taking Jonassen’s calcula- 
tions as a basis for his own, which were 
made 30 years later (1914). By compar- 
ing the number of his patients with hyda- 
tid cysts Avith those of Jonassen’s time, 
he found the morbidity rate only one- 
fourth of what it had been in 1882. hlag- 
nusson’s monography (written in 1913) 
concluded: “There should be not more 
than 300 patients in the whole country, 
and their number is steadily decreasing, 
as the dead patients outnumber the fresh 
crops.” 

Hydatid Cysts Found at Autopsies. 
1930-1944 (inch). In this 15 year period, 
1231 autopsies were performed. In this 
number, stillborn children and those under 
14 daj's old har'e been omitted. On the 
other hand, 2 cases are included in whom 
no parasites were found at the autopsy. 
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but wlio had been operated on and the 
parasites removed. 

Table 1 shows the number of autopsies 
performed each year and the number of 
individuals harboring hydatid cysts. Ac- 
cording to this survey, a total of 60 indi- 
viduals were infested with echinococcus 
granulosus or showed unmistakable signs 
of having been infested. This corresponds 
to 1 echinococcus carrier out of every 20.5. 

Table 1. —Number of Autopsies Against 
Echinococcus Cases, 1932-1944 


1932 . , 

. 32:5 

15 

6% 

1933 

74:4 

5, 

.4% 

1934 , 

. 7l:4 

5 

6% 

1935 . 

96:3 

3 

1% 

1936 . . 

9l:l 

1, 

.1% 

1937 . . 

118:6 

5 

1% 

1938 

115:2 

1 

6% 

1939 

. 88:7 

8 

0% 

1940 

98:4 

4 

0% 

1941 

115:6 

5 

2% 

1942 . 

121 : 7 

5 

8% 

1943 , . 

84:3 

3 

6% 

1944 

. 125:8 

6 

4% 


Table 2.— Echinococcosis Eound in Various 
Age Groups (34 Males, 26 Females) 


Aee 

Total 

autopsies 

Echino- 
coccus cases 

% 

0-20 . 

, . 239 

0 

0 

21-30 , 

193 

1 

0 5 

31-40 . 

199 

1 

0 5 

41-50 . 

170 

4 

2 4 

51-60 . 

. . 179 

13 

7 3 

61-70 . 

153 

21 

13 7 

71-90 . 

98 

20 

20 0 


1231 

60 

4 9 


Table 2 shows that hydatid cysts are 
chiefly found in the higher age groups, but 
are comparatively rare among the young, 
no cyst being found in anyone under 
20 years of age. In those over 70 years 
of age hydatid cysts were found in 20 
(20%), but in all persons past 60, num- 
bering 151, hj’^datid cysts were found in 
41 (16 %). In those past 60 years of age 
1 of every 6 harbored 1 or more echino- 
coccus cysts. 

These are the people who in Magmis- 
son’s time were in their prime of life. As 
there is no reason to assume that echino- 
coccus carriers have been spared in prefer- 
ence to other people, the conclusion is 
iustified that in 1913 every 6th person 


above 30 years of age has been infested 
with echinococcus. 

All the authors mentioned above, who 
have estimated the distribution of echino- 
coccosis, have based their figures on the 
number of echinococcus patients, i. e., 
individuals who have had inconveniences 
from their hydatid cysts, sufficient to 
classify them as patients. Obviously no 
clear-cut line can be drawn between 
healthy and sick persons in this respect. 
This method of previous authors was only 
dictated by necessity, when no other way 
was possible to discover the actual per- 
centage of infestation and all authors 
realized the lack of exactness in their 
estimates, pointing out that reliable in- 
formation Avill not be obtained until 
autopsy reports are available. 

Localization. By far the most of the 
parasites were localized in the liver (56 
out of the total of 60). In 4 cases hydatid 
cysts were found in the peritoneum ; in a 
59 year old female 2 cherry-sized calcified 
parasites were found in the omentum. 
A 62 year old male had a parasite of hen’s 
egg size adherent between the ileum and 
the cecum, and in a 75 year old male a 
parasite of similar size was found on the 
right side of the urinary bladder in the 
pelvis. In the 4th case numerous secon- 
dary cysts up to walnut size were scat- 
tered all over the peritoneum. In all 
these cases one or more cysts were found 
in the liver. 

Other locations were very rare: 2 in the 
spleen and 2 in the heart, but no hydatid 
cysts were found in other organs. 

Our experience corroborates Claessen’s^ 
findings, that primary echinococcus cysts 
in the lungs do not belong to the picture 
of echinococcosis in this country. We 
found no hydatid cyst in the lungs in our 
material. 

This distribution is a little different 
from Jonassen’s who found 18% of his 
material in the kidneys. Of 50 hydatid 
cysts, 9 were in the kidneys, 3 in the 
spleen and 1 in the heart. The distribu- 
tion has therefore been similar with 
exception of the kidney cysts. 
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We ha-s^e a strong suspicion that at least 
some of Jonassen’s kidney cj'sts were not 
echinococcus cj'sts, but only urinarj' re- 
tention cysts wliich are fairly frequent 
and may reach considerable size, sufficient 
to mislead unexperienced investigators. 
Jonassen evidently has realized that his 
kidney cases were not reliable, for by 
sifting his material critically he finally 
counted only 2 of the 9 as beyond doubt. 
Certainly 1 of these must have been an 
echinococcus, because daughter cysts were 
found in it. 

It is worth notice that 2 of the cysts in 
our material were found in the heart. 
Probably this localization is not so rare 
as commonly supposed; it seems more 
than co-incidental that we found 2 such 
in a total of 60. One of them was a blad- 
der of cherry size, loosely adherent to the 
endocardium of the right ventricle. This 
cyst was found in a 26 year old male from 
the country 'who died of phthisis. The 
parasite was alive and e%ddentiy very 
young, probably not over 2 to 3 years old 
(the patient had been in a tuberculosis 
hospital during the prerious 2 years, where 
he could not have an opportunity of infest- 
ing himself). The other case was located 
in the septum ventriculorum and had 
ruptured into the pericardium. This case 
has been described elsewhere by us.® 

Liver Cysfs. Of the 56 liver cysts the 
localization is not mentioned in S cases. 
In the 48 cases in which the localizations 
are recorded, the parasites were distrib- 
uted as follows: right lobe, 32 (67%); 
left lobe, 6 (12.5 %) ; both lobes, 6 (12.5 %) ; 
ligamentum falciforme or intermediary 
zone, 4 (S%). 

Other investigators (Dew^) have found 
parasites in both lobes only in 2 to 4% 
of their cases. Our findings correspond 
with the heavier infestation in this 
country. All investigators seem to find 
the parasites 5 times more frequently in 
the right than in the left lobe. 

Cases of Special Interest. Case 1. No. 
67-42. A 47 year old male was brought 
from the countrj^ with the diagnosis sub- 
phrenic abscess, hut his condition was so 


bad that operation was not considered ad- 
visable, and he died a few days later. 

In the pleural sac there were 2500 cc. of 
purulent fluid. The right lung was com- 
pletel3'- collapsed, lying as a thin sheet close 
to the mediastiniun and the diaphragm. 
The lung was adherent to the diaphragm, 
but close to its border was a perforation 
through which purulent material passed 
from below the diaphragm. VSTien the lung 
was torn from the ffiaphragm a round open- 
ing, 8 cm. in diameter, was discovered in the 
diaphragm, leading directly into a hj'-datid 
cyst of cocoanuf size. The adventitia is 
slightly calcified. The contents are a gela- 
tinous mass with a few collapsed daughter 
cysts. The cyst is adjacent to the vertebral 
colmnn and touches the superior surface of 
the right kidney. No other hydatid cj'sts 
were present. 

Case 2. No. 11-1944. In a 59 year old 
male, who had been operated on for echino- 
coccus 13 j-^ears before, sjTnptoms of pros- 
tatic hypertrophy and uremia led to death 
in 3 months. 

At autopsy, the liver weighed 1750 gm. 
T^Tien the abdomen was opened, an abscess 
of fist size was opened close to the sternum, 
below the right curvature. Rests of chitin- 
ous membranes pointed to the hydatid origin 
of the suppuration. The right lobe was mal- 
formed by hydatid cysts. One prominent 
cyst had grown tower-like upwards from the 
liver on the right side and into the lung, 
compressing the diaphragm before it, in such 
a waj”- that it could not be distinguished 
from the adventitia of the capsule. This 
e3'st was very slightly calcified and contained 
numerous daughter C3'sts and foul purulent 
fluid. The same condition was found in a 
h3’datid C3'’st close b3'. The volume of each 
of these C3’sts corresponded to that of an 
apple, the elongated one being a little larger 
and of oblong shape. 

In this case the capsule still protected the 
surrounding lung tissue, but the C3'st was 
eridently on its way to suppuration into the 
lung. 

Case 3. No. 63-44. A 51 3'ear old fe- 
male who had for 14 years been in a lunatic 
as34um, developed a distention of the abdo- 
men which was thought to be caused 63' an 
ovarian C3'st. Three da3's before death she 
vomited blackish, turbid fluid and had 
severe pains in the abdomen. Prostration 
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and collapse followed quickly and led to 
deatli. 

When the abdomen was opened a huge 
echinococcus C 3 ’'st was discovered, which was 
attached to the right lobe of the liver. The 
intestines were in several places adherent to 
the cyst, particularly' the transverse colon, 
the anterior surface of the stomach, duo- 
denum and the descending colon. The 
diameter of this cyst was 50 cm. and it con- 
tained 16 liters of thick, brownish fluid, with 
clear uncollapsed daughter cysts. From the 
left inferior surface of the liver another cyst 
of hen’s egg size was suspended. Above the 
right kidney were 3 hydatid cysts, all 
together the size of an apple. 

This cyst is probably the largest on record, 
the biggest reported by Dev6^ containing 
10.5 liters. 

Number and Condition of the Cysts. 
The size of the cysts varied from pea size to 
the enormous dimension in the case just 
described. The old, dead cysts were of 
varying sizes, most frequently from billiard 
ball size to that of a large orange. Com- 
pletelj’’ calcified cysts were frequently the 
size of a billiard ball, and so hard that 
they could not be cut through with a knife. 
When sawed through they were frequently 
found calcified through and through and 
hardlj'^ any rests visible of a parasitic 
membrane. In most cases only a solitarj'- 
cyst was found; in some cases they were 
multiple. The number of cysts in the 
liver is an indication of the massiveness 
of the original infestation. 

In the liver we found ; 1 cyst in 37 cases, 
2 cysts in 12 cases, 3 cj'^sts in 5 cases, and 
4 or more in 2 cases. 

Of 56 hepatic cj^sts 19 (34%) were 
multiple. Dew* found 31 % at operations. 

Where multiple cysts were found their 
condition was usually similar, although 
the size might vary considerably. Yet 
one might be found completely calcified 
and the other only with a chitinous mem- 
brane and containing a gelatinous brown- 
ish mass. In no case did we find an 
accompanjdng cirrhosis, as described bj’’ 
Devd and others. 

Comment, Tljese findings must be taken 
as representative for conditions as thej’’ 


have been during the last 13 jmars in this 
country. They are from hospitals in 
Reykjavik, which receive patients from 
all over the country, although the majority 
are inhabitants of Reykjavik. But as a 
considerable proportion of Reykjavik’s in- 
habitants consists of persons who have 
been brought up in the country, our 
material should reflect the present condi- 
tions as accurately as can be expected in 
a survey of this kind. 

For comparison it may be of interest to 
observe the numbers of reported echino- 
coccus cases from the time such reports 
are available. Figure 1 shows the enor- 
mous decline which has taken place in the 
number of these patients. If we apply 
Magnusson’s method to find out the 
number of echinococcus cases, we see that 
their number is only a tenth part in 1940 
of what it was in 1912, when he made his 
estimate, that 1 out of every 240 had an 
echinococcus. According to his estimate 
there should be 10 times fewer echino- 
coccus cases now, or 1 in every 2400 in- 
habitants. As we find an echinococcus in 
1 out of 20, the difference is enormous and 
cannot be explained by the assumption 
that only 1 % of echinococcus carriers can 
be regarded as patients. In our material 
10% of the parasites had been clinically 
manifest prior to death and certainly a 
very considerable proportion of dead para- 
sites of orange size must have caused 
clinical symptoms formerljq which in some 
cases was e\ddent from the anamnesis. 

The explanation of this great discrep- 
ancy is simply that even the most experi- 
enced and sagacious investigators have 
not been able to estimate with anything 
approaching exactness the distribution of 
hydatid cysts in this country, as long as 
they had no autopsies on which to base 
their calculations. The population has 
been more heavily infested with the para- 
sites than anybody could imagine. Prob- 
ably a third or even a half of the adult 
population has harbored an echinococcosus 
at the close of the last centur 3 ^ We can 
obtain an idea of the situation by observ- 
ing the findings in the old people during 
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the first years of our autopsy work. Prom 
1930 to 1934 we performed autopsies on 
32 indmduals past 60 years of age. In 
II of these 32 persons, hydatid cysts were 
found. These people have been about 
30 years old at the close of the last century 
and the parasites were probably all older 
than that. 


poverty was mdespread and lack of clean- 
liness very common. Under these circum- 
stances the parasite had obtained almost 
ideal conditions for its subsistence. 
Krabbe* found Tmiiia echinococcus in 28 % 
of Icelandic dogs in 1862 and showed that 
this infestation rate was 47 times higher 
than in Denmark. Not only were the dogs 



Fiq. 1. — Number of reported echinococcus patients in Iceland from 1896-1940 and reported deaths 
from echinococcosis since 1911. 


Discussion. It is en'dent that echino- 
coccosis has been more widespread here 
than even the highest estimates supposed. 
This is not surprising, considering the 
living conditions of the people, who lived 
in close communion with dogs and were 
completely ignorant about the nature and 
contagiousness of the disease. And this 
state of ignorance continued through 
centuries, when the entire population 
lived under primitive conditions as sheep 
breeders, when everybody was exposed to 
contact with dogs and every dog had 
access to the entrails of sheep. Extreme 


highly parasitized, but their number was 
enormous (15 to 20,000) at a time when 
the population was only 70,000. 

In a medical report 1858 Finsen men- 
tions that an old ewe or a cow is very 
rarely slaughtered without finding an 
echinococcus cyst. Probably the condi- 
tion of the human population would have 
been found similar, if proper investigations 
had been made. 

There can be little doubt that the young 
generation now growing up in this country 
is practically free from echinococcosis, as 
is borne out by our autopsy records. The 
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parasites are only harbored by the old 
people and it is to be expected that the 
present young generation will show a very 
low echinococcus rate when its time comes 
to take the place of the old generation. 

The cavscs of this decrease in parasitism 
are several. First and foremost is the 
education of the population. The causal 
relationship between hydatid cysts in 
people and sheep on the one side and the 
trenia in the dogs on the other side has 
been explained to the entire population 
and even in the children’s schools. 

Slaughtering of sheep is done under 
such conditions that dogs have no access 
to the entrails of sheep. 

Every dog in the country is given an 
anthelminthic once a year. The effect of 
this measure is seen in the disappearance 
of all kinds of helminthic cysts in sheep, 
also the Coenurm cercbraKs, which used to 
be seen more or less in every flock of sheep 
in the last century. 

The further cause of the decrease of 
parasitism is the change which has taken 
place in the sheep breeding industry. 


Formerly sheep were grown until they 
were 3 to 4 years old before they were 
killed. By that time their hydatid cysts 
were old enough to have developed scol- 
ices. Now the lambs are killed when 
5 months old, but comparatively few old 
sheep are slaughtered. 

One more reason has been added during 
the last 3 decades : The rural population 
has moved to the towns and villages, and 
the fact that one-third of the entire 
population lives in Reykjavik, greatly 
diminishes the danger of exposure for 
that part of the population. 

Summary. In a total of 1231 autopsies 
60 hydatid cysts were found. The young 
generation is practically free from this 
disease which is found with increasing 
frequency in the higher age groups. The 
infestation rate among the oldest age 
groups is a remnant of the old conditions, 
when the population had been heavily 
parasitized. 

The causes for the improvement in these 
matters are discussed. 
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TRAUMATIC STREPTOCOCCIC MENINGITIS 


Repoet op a Case With Recoveet and Review op Iiteeatobe 
By ]\Iajor j\IoRRis Berk, M.C., A.U.S. 

THE VETERANS HOSPITAE, FT. MIEEY 
BAN FRANCISCO, CAUFORNLA 


Since the advent of sulfonamide ther- 
apy, and more recently penicillin, reports 
of successfully treated streptococcic men- 
ingitis have become commonplace. Of 
102 cases reported from 1935 to 1939, 
81 (79.4%) had recovered;^ whereas prior 
to present-day chemotherapy the esti- 
mated mortality was 97%.-* Such cases 
were nearly all of otogenic origin. So- 
called post-traumatic meningitis, on the 
other hand, and particularly when secon- 
dary to a streptococcus, is exceedingly 
rare. Thus, careful perusal of the litera- 
ture^’-'®’®'®'®'® reveals only 8 cases cured by 


mafic origin the foiloviang case was con- 
sidered worthy of adding to the literature. 
The long incubation period as well as the 
unusual strain of organism are of interest 
and may have been factors influencing 
the favorable outcome of the patient’s 
illness. 

Case Report. G. L. R., 31 year old garage 
attendant, entered the Veterans Hospital, 
San Francisco, Feb. 15, 1945 (his second 
admission) with a tentative diagnosis of 
meningitis. He was first admitted into the 
hospital on Januarj" 15 for treatment of a 
nasal laceration, 10 days after a fall against 


Tabee 1. — Cases op Tbacjiatic Streptococcic Meningitis Seccessfeley Treated From 
1901 TO 1935 (Pbe-seefo.v.amzde Er.a) 


Author 

Barth (1914) , , . 

Cases 

1 

.4ge 

19 

Injury 

Back trauma 

Organism 

Streptococcus 

Treaiment 

Laminectomy 

McCarthy ct al. (1917) 

1 

25 

Head trauma 

Streptococcus 

Spinal drainage and anti- 
streptococcic serum 

Dandy (1924) . . . 

1 

6 

Head trauma 

Streptococcus 

Surgical drainage 

Canuyt el a!. (1933) . 

1 

11 

Trauma to eyelid 

Streptococcus 

Spinal drainage and anti- 
streptococcic scrum 

Zeligs (1935) . 

1 

0 

Basal fracture 

Streptococcus 

Spinal drainage and anti- 


streptococcic serum 


means of sulfonamides (Table 2). In 
contrast only 5 cases were reported cured 
during the pre-sulfonamide era of 1901- 
1935 (Table 1). 

The majority of cases of traumatic 
meningitis encountered in the literature 
were found to be due to a pneumococcus. 
'Trauma, as a rule, occurred to the head 
or face Y-ith resultant skull fracture in 
practically all cases. Those in whom a 
cerebrospinal leak was demonstrated were 
especially Anilnerable to meningeal in- 
fection. 

Because of the rarity of successfully 
treated streptococcic meningitis of trau- 


a screen door. The laceration had been 
sutured originally at one of the city emerg- 
ency hospitals, and bad apparently healed 
by priinarj' intention. The day before his 
first entrj' he reinjured his nose, reopening 
the old laceration. Roentgen ray revealed a 
comminuted fracture of the nasal bone and 
ft was concluded that the fracture was 
compounded. The distal fragment was ele- 
vated by splints and a secondarj- closure of 
the soft tissues was carried out. The wound 
liealed normally and he was discharged from 
the hospital on Februarj* 3. He returned to 
work and felt well until the day prior to his 
present (second) admission. At this time he 
became ill vith headache, malaise and low 


* Published with permission of the Medical Director, Veterans .administration, who assumes no 
responsibility for the opinions expressed or conclusions drawn by the author. 
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back pain. Within the course of the next 
several hours he became acutely prostrated 
with chills, fever, nausea, vomiting and stiff 
neck. 

The past history disclosed the following 
facts; disability discharge from the U. S. 
Army in 1943 because of duodenal ulcer; 
malaria in 1931 with relapse in 1932; and 
renal colic in 1932 with passage of a calculus. 


disclosed no organisms. White blood cell 
count was 8800 (85% neutrophils). 

Treatynent. The patient was immediately 
given 5 gm. of sodium sulfadiazine by the 
intravenous route, and 20,000 units of pen- 
icillin intramuscularly. Several hours later 
the vomiting subsided and he was able to 
take gm. of sulfadiazine orally every 
4 hours. Penicillin was 'continued every 


Table 2.— Cases of TBAUitATic Steeptococcic Meningitis Successfully Treated 





BY Means of Chemotherapy 

Incubation. 

Treatment 

Author Cases 

Age 

Injury 

days 

Organism 

Frazer (1937) . 

1 

17 

Skull fracture 

7 

Hem. strep. 

Prontosil and spi- 
nal taps 

Davel (1937) . . 

1 

16 

Skull fracture, cerebro- 
spinal otorrhea 

10 

Hem. strep. 

Prontosil and spi- 
nal taps 

Ricard et al. (1938) 

1 

? 

Basal skull fracture, 
cerebrospinal rhinor- 
rhea 

4 

Hem. strep. 

Sulfanilamide and 
polyvalent ser- 
um 

Narat (1939) . . 

1 

52 

Skull fracture (through 
frontal sinus) and 
nasal fracture 

3 

Hem. strep. 

Sulfanilamide 

Gurdjian (1941) . 

2 

14 

29 

Basal fracture, cerebro- 
spinal otorrhea 

Basal fracture, aural 
bleeding 

5 

6 

Hem. strep. 

Hem. strep. 

Sulfanilamide 

Sulfanilamide 

Boatman (1941) . 

1 

25 

Spinal injury by shrap- 
nel 

21 

Hem. strep. 

Laminectomy and 
prontosil 

Riley and Waugh 
(1943) 

1 

33 

Skull fracture (involv- 
ing frontal sinus) 

2 

Non-hem. sti'ep. 

Sulfapyridine 

Berk (1945) . . 

1 

31 

Nasal fracture, com- 
pound 

* 32 

Non-hem. strep. 

Sulfadiazine and 
penicillin 


Phyjsical examination revealed an acutely 
ill, restless, rational white man, who com- 
plained of severe headache and low back 
pain. The neck was rigid and a bilateral 
Kernig sign was present. Otoscopic exam- 
ination was negative. Percussion over the 
entire spine disclosed tenderness. The skin 
was hot and there was evidence of dehj'^dra- 
tion. The temperature was 102° F., pulse 
rate 120, and respiratory rate 24. Blood 
pressure 110/80. A horseshoe-shaped re- 
centl}'' healed scar about 4 inches in length 
extended across the bridge of the nose. At 
its mid-point there -was some soft tissue 
thickening but no signs of active inflam- 
mation. 

A lumbar puncture revealed turbid fluid 
under ISO nun. initial pressure with a cell 
count of 8600, nearl}’’ all of which were poly- 
morphonuclears. Spinal sugar content was 
less than 10 mg. per 100 cc., and the protein 
was 333 mg. per 100 cc. Inmiediate smears 


3 hours. Approximately 24 hours after 
admission 10,000 units of penicillin in 10 cc. 
of saline was injected intrathecally after a 
like quantity of spinal fluid was removed. 
A short while later his back pain became 
aggravated, with radiation down the lower 
extremities. Morphine was required for 
relief. After 48 hours, culture of the spinal 
fluid showed a non-hemolytic streptococcus, 
Avhich later proved to be micro-aerophilic. 
Blood culture was negative. 

In view of the favorable clinical response 
at the end of this time and because of the 
untoward reaction to intrathecal penicillin 
the day previously, further medication by 
this route was not deemed advisable. At 
the end of the 3rd day the patient’s tem- 
perature had reached normal and his neck 
rigidity had disappeared. The spinal fluid 
on the 5th day was clear for the first time 
with a cell count of only 120, most of which 
were peljmcrphonuclears. Dextrose value 
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was 26 mg. %. Smear and culture of spinal 
fluid were negative. On the 8th day the 
spinal cell count was 56, only 24 being 
polymorphonuclears. The sugar content 
had risen to 100 mg. %, and the protein 
value was reported as 48 mg. %. Culture 
was negative. 

Penicillin was discontinued after 5 days, 
a total of 520,000 units having been admin- 
istered intramuscularly and 10,000 units 
intrathecaliy. Sulfadiazine was continued 
for 10 days, the patient haAung received 
56 gm. 

The patient was discharged as recovered 
■svithout complication or sequela on March 6, 
after less than 3 weeks hospitalization. 
His recovery was attributed primarily to 
sulfadiazine, ovnng to the fact that clinical 
and cultural response had been manifest 
within the 1st 24 hours of his illness, w'hich 
was prior to the injection of intrathecal 
penicillin. The effect derived from the 
intramuscular penicillin was considered of 
minimal degree since it has been shown^ 
that when administered in this manner it 
does not pass the meningovascular barrier 
in significant quantities. On the other hand, 
although only 1 injection was ^ven intra- 
spinall3q its effect probably plaj’-ed no small 
part in the successful outcome. This con- 
clusion is borne out by Rosenberg and 
Arling’s*® report of 40 cases of meningitis 
treated by penicillin in which the majority 
of patients required only 1 or 2 intrathecal 
injections. 

Comment. The portal of entry of the 
offending organism in the above case was 
probably through a defect in the cribri- 
form plate. Schroederi' mentions 2 addi- 
tional sites where a defect is apt to occur 
in nasal injuries, with resulting communi- 
cation between the nasal cavdty and cere- 
brospinal sj’stem, namety, in the posterior 
wall of the frontal sinus with a tear in 
the dura, and defects in the walls of the 


sphenoid sinus. Trauma to the nose or 
face ma}’- lead to any one of these fistulous 
communications and thus imdte infection 
of the meninges bj" an organism which 
inhabits the nasal passages at the time. 

Of the S tabulated cases, 7 suffered a 
head injury’' with skull fracture in all but 1. 
Tv'o patients had in addition fractures 
involving the frontal sinuses, which may 
have been the portal of entry. Three cases 
with basal fractures presented cerebro- 
spinal otorrhea, whereas a fourth suffered 
bleeding from the ear. Thus, one may 
conclude otitic origin of infection in the 
latter 4 cases. Boatman's patient was 
the only one whose meningitis originated 
in an injury below the head. The author's 
case, on the other hand, is the only one 
secondary to an uncomplicated nasal 
injury. 

Summary. 1. A case of traumatic strep- 
tococcic meningitis, secondary’’ to a com- 
pound nasal fracture, and successfully 
treated with sulfadiazine and penicillin is 
hereb^’^ presented. 

2. Only S cases of traumatic strepto- 
coccic meningitis cured bj' chemotherapy 
are found in the literature, to which a 
ninth is added by the author. 

3. The author’s case is the first reported 
due to a non-hemolytic (micro-aerophih'c) 
streptococcus and cured by chemotherapy. 

4. Prophylactic sulfonamide and pen- 
icillin should be given in all cases of 
traumatic cerebrospinal fluid leaks. 

5. Traumatic meningitis due to pneu- 
mococcus occurs more frequentlj' than 
meningitis due to streptococcus. This 
might be e.xplained by the predominance 
of the former organisms in the nasal and 
aural passages. 
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PNEUMOOTTIS OCCURRING IN RHEUMATIC FEVER 
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Lt. Cojidr. Curtis Asher, (JIC) USN 

V. S. XAVAl. HOSPJTAI., COROXA, CALIFORNIA 


(From the Rheumatic Fever Unit) 


PNEtnwoNms occurring in the course of 
rheumatic fever is one of the more promi- 
nent of the protean manifestations of 
rheumatic fever. American and English 
VTiters have spoken of the rheumatic 
pneumonias and described in part the 
clinical picture. Fuller^ and Garrod^ 
described rheumatic pleurisy as part of 
the rheumatic fever entity. Puller has 
UTitten of the frequency of the occurrence 
of pneumonias in acute rheumatic fever. 
Garrod mentioned the transient character 
of the physical signs. In recent years 
Thayer® and SMfC described the clinical 
picture and noted the frequency of rheu- 
matic pneumonitis and pleurisy. In 1928, 


matic fever and occurring in such a case.” 
In 1932, Gouley and Eiman* again pub- 
lished their findings in the lungs in 9 cases 
of acute rheumatic fe\'’er. They were simi- 
lar to the description quoted above. 

Definition. Pneumonitis is a manifes- 
tation of rheumatic fever characterized by 
an inflammatory process of the lung and 
pleura, with an insidious onset, migrating 
consolidation, and frequent pleurisy Avith 
or without effusion. 

Source of Material. In a group of 1046 
rheumatic fever patients observed in the 
rheumatic fever unit at the U. S. Naval 
Hospital, pneumonitis was found in 119 
cases. 


T.able 1.— Occcrbence Rats of Pneumonitis 


Tl-pe 

No. patients vrith 
rheumatic fever 

No patients 
developed 
pneunjonitis 

% 

Acute fulminating . 

. . 52 

2S 

53,1 

Polycyclic . . . . 

. . 2S1 

'/7 

27 4 

Monocyclic, subacute . 

. . 6G7 

14 

2,0 

Subclinical . . . . 

. . 4G 

None 

0,0 

Total 

. . 1046 

119 

11,3 


Paul® presented a very complete historical 
re\dew and outlined the physical findings 
in detail. In 1928, Gouley and Eiman- 
described the gross and histologic patho- 
logic findings, and based their opinion of 
the specific nature of rheumatic pneumo- 
nitis upon “ the histologic study of the lungs 
showed an acute interstitial inflammatory 
process, apparently hematogenous in ori- 
gin, with hyperemia, edema and a char- 
acteristic cellular e-xudate, perivascular, 
consisting of large endothelial cells, giant 
cells, plasmoc\i:es, Ijunphocytes and a few 
neutrophils, the distribution of this e.vu- 
date and its general appearance being 
identical with the cardiac lesions in rheu- 


Occurrence. The occurrence rate in 
this group of patients was 11.3%. Table 1 
shows that the most frequent occurrence 
was in the acute and polycyclic types of 
the disease. No demonstrable pneumo- 
nitis Avas found in the subclinical types. 

Pathologic Anatomy. The gross and 
histologic pathologj' are discussed in detail 
in recent papers by Huntington and the 
author.® In short, gross e.xamination 
shoAA’s areas of mottling which are charac- 
teristic of infarction. The cut surface is 
smooth and, although hyperemic in ap- 
pearance, is relatiA'cly bloodless. The 
mottled areas may be found in all lobes 
of the lungs. The histologic picture is 
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that* of an anaphylactic angiitis involving there is little residual e\adence of the 
the larger vessels as well as the capillaries, pleuritis. An effusion is found relatively 
There is endothelial proliferation, hemor- infrequently. In this series of cases effu- 
rhage, necrosis and hyalinization. Peri- sion occurred in 10.9% of the cases, 
vascular infiltration of plasmocytes, giant Effusions tend to be temporary. The 
cells, lymphocytes, myocytes with owl- fluid is sterile and straw to sanguinous in 
eyed nuclei and relatively few neutrophils color, depending upon the number of red 



Fig. 1.— Lung. Pneumonia with alveolar exudate made up mostly of fibrin, large monocytes and 
lymphocytes. Note the amorphous "hyaline” character of some of the acellular material. The blood 
vessel marked by the arrow is involved, apparently, in the inflammatory process. 



Fig. 2.— Inflammatory reaction in small artery in lung. (Autopsy 3), H. & E. 

Figures 1 and 2 were photographed by Dr. R. W. Gragg at the U. S. Naval Medical School. The 
remaining figures are the work of Mr. Edward N. Hamilton at the College of Medical Evangelists, Los 
Angeles. 

is characteristic. Aschoff bodies may be cells. At times large numbers of eosino- 
found freely in various stages of develop- phils are found in the white cell count, 
ment and maturity. The alveoli are filled The effusion may absorb very rapidly 
with collagen, fibrin and blood cells. The with very little residual evidence of the 
pleura may show a fibrinous exudate on pleurisy. 

both the parietal and visceral membranes. Types of Pneumonitis. There are 3 
Organization and formation of fibrous clinical types of pneumonitis recognizable: 
adhesions may occur, but more frequently (1) primary acute pneumonitis, (2) secon- 
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dary acute pneumonitis, and (3) subclini- 
cal pneumonitis. 

1. Primary acute pneumonitis may be 
and is at times the presenting manifesta- 
tion of rheumatic fever. The history of 
an upper respiratory infection several 
weeks pre%dously, a period of latency, the 
development of shortness of breath on 
exertion, cough, occasional blood spitting, 
fever of moderate to high degree, tachy- 
cardia of greater degree than that usually 
found with the height of the temperature, 
cyanosis and restlessness are the S3'mp- 
toms and signs bj' which this manifesta- 
tion maj" be suspected. On phj'sical exam- 
ination an area of dullness may be found 
in 1 or more lobes, accompanied bj'- a 
suppression of the breath sounds and a 
few fine, crackling rales. This area ma\’ 
develop into frank consolidation ■noth 
increased dullness and tubular breathing. 
More frequentljL however, the original 
area clears in 2 to 3 daj's and a new area 
develops. After 2 or 3 daj's other mani- 
festations of rheumatic fever appear, such 
as migrating polyarthritis, carditis and 
a sustained relativel.v high fever. The 
diagnosis is confirmed b.v finding an area 
of cloudiness in 1 or more lobes of the 
lungs from Roentgen raj' stud^'. There 
is a leukocytosis of moderate degree, mth- 
out a marked shift to the left in the 
Schilling index. The sputum stud.v usu- 
ally- shows no pathogenic organisms and 
is relatively' free of leukoc.vtes. The 

sedimentation rate is usually' high, and 
at times there is electrocardiographic 
e\'idence of myocardial change. The 

course of the primary acute ty'pe of pneu- 
monitis is severe and prolonged. The 
pneumonitis may become so Avidespread 
as to cause a very greatly' decreased 
oxygen carbon dioxide exchange, with 
marked cyanosis and air hunger. At the 
same time the pulmonary arterial tension 
rises to such a level that there may be 
primary' right-sided heart failure. The 
heart which is the seat of a severe carditis 
is unable to meet the increased work load 
thro-n-n on the right ventricle, and primary 
right ventricular failure may ensue. It is 


the opinion of the clinicians working in 
this group that where there is primary 
right-sided heart failure in rheumatic 
fever, pneumonitis is one of the initiating 
causes. The pneumonitis subsides only 
as the other manifestations of the rheu- 
matic fever subside. The phy'sical signs 
of the pneumonitis clear up long before the 
Roentgen ray' findings become negative. 

Table 1 shows that 53.1 % of the acute 
fulminating ty'pe of rheumatic fever had 
rheumatic pneumonitis and in approxi- 
mately' one-half of these cases the initial 
symptoms were referable to the lungs. 
Most of the patients were treated for a 
primary' atypical pneumonia until other 
manifestations of rheumatic fever ap- 
peared, such as poly'arthritis and carditis. 

2. Secondary acute pneJtmonifis occurs 
during the course of established rheumatic 
fever. From Table 1 it is noted that 
secondary' acute pneumonitis occurs most 
frequently' in the poly'cy'clic ty'pe of rheu- 
matic fever. The actual occurrence rate 
was 27.4%. The onset may' begin late 
in the first cycle, but more frequently it 
is one of the presenting manifestations of 
the second or third cy'cle of the polycyclic 
type. 

The symptoms are those of shortness 
of breath, cough, pain and restlessness. 
Cough may' be primary' and severe, or 
mild to absent. Pain is usually' late in 
its appearance as a sy'mptom, but is 
severe and prolonged unless an effusion 
develops. Cyanosis is present only' if 
involvement of the lungs is widespread. 
Restlessness is an early and persistent 
symptom. 

The first signs to appear are fever and 
tachycardia. Dullness over localized areas 
of the lungs appears early and may shift 
from 1 lobe to another or within the same 
lobe. The dullness may increase to flat- 
ness with the development of massive 
invoh'ement of a lobe or with the rapid 
pouring out of a pleural effusion. Early 
the breath sounds are diminished over 
the area of dullness. As the area of 
involvement increases, tubular breathing 
may develop but this is relatively' infre- 
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quent. Rales at first are small and finely- 
crackling. Later the rales increase in 
number and become more moist in nature. 
The signs may clear fairly rapidly, but 
they may, however, persist as long as 
other manifestations are present. The 
Roentgen ray study confirms the diag- 
nosis bj'^ revealing an area of cloudiness 
at the site of the physical findings. The 
fever, tachycardia, the leukocytosis and 
blood sedimentation rate are elevated 
usually in proportion to the severity of 
the rheumatic process. 


Roentgen Ray Findings. The charac- 
teristic findings in the Roentgen ray 
studies in rheumatic pneumonitis and 
pleuritis are the rapid onset and clearance 
of densities in one area to suddenly reap- 
pear in another area in the lung fields, 
and the equal rapidity with which a 
pleural effusion may appear and then as 
quickly disappear, and the close associa- 
tion of the pneumonic densities to the 
bronchovascular markings spreading into 
the adjacent parenchyma. At the onset 
the area of cloudiness is similar to that 


Table 2. — Pneumonitis — Lobes Involved 


Location 

No of cases 

Central hilar area . 

16 

Middle lobe 

11 

Upper lobes 

18 

Basal lobes .... 

26 

Multiple lobes . 

48 

Total 

119 



Fig. 3.— Thrombus (A) with beginning reeanalization (B) in medium-sized pulmonary artery, arterial 
Wallis (C). (Autopsy 6.) Masson Trichrome, X 125. 


3. Subclinical 'pneumonitis is found ac- 
cidentally, There are no symptoms and 
few, if any, physical signs. The subclini- 
cal pneumonitis is suspected when a rheu- 
matic fever patient is more ill than the 
clinical findings Avould indicate. The 
diagnosis is based entirely on the Roent- 
gen ray finding of an area of cloudiness 
either in the hilar area or in isolated 
fields of the lungs (see Table 1). Sub- 
clinical pneumonitis of rheumatic origin 
occurred in 2 % of the subacute monocyclic 
cases. 


seen' in primary atypical pneumonia and 
that seen in sulfonilamide sensitivity. 
There is localized patchy density without 
much shift of the mediastinum. At times 
the area of cloudiness may be triangular 
and near the periphery, resembling an 
infarction; and again it may be circular 
and central. Table 2 shows the distribu- 
tion of pneumonitis according to lobes 
involved. Multiple and upper lobe in- 
volvement occurred more frequently in 
the very ill patients. 

Pleurisy was not found as frequently as 
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the early ’writers indicated. Most of the 
cases of pleurisy -were confirmed by Roent- 
gen ray findings. Effusion accompanjdng 
pleuritis is not infrequent, occurring in 
18.8% of cases of demonstrable pleurisy. 
The percentage of occurrence of pleuritis 



Fig. 4. — Small pulmonary vessel (Autopsy 6), 
showing edema and cellular accumulation beneath 
inner layer. Masson Trichrome, X 500. 

would be much higher if pain is taken as 
the diagnostic criterion. To make the 
diagnosis of pleurisy, pain, pleural friction 
rub and positive Roentgen ray findings 
of thickened pleura, peripheral pneumo- 
nitis and/or effusion were required. 


fever appear. The concomitant manifes- 
tations ’R'hich are most helpful in estab- 
lishing the diagnosis of rheumatic pneu- 
monitis are carditis, migrating polyar- 
thritis, purpura, erythema marginatum, 
epista.vis and subcutaneous nodules. 

Bacterial pneumonia is differentiated by 
the sudden onset -ndth chill, high fever, 
characteristic sputum, Roentgen ray find- 
ings of lobar in’i'olvement, and the labora- 
tory determination of the causal organism. 

Tuberculous pneumonia is differentiated 
by the history of e.vposure, by the course 
of the pneumonia and the absence of the 
protean manifestation of an active rheu- 
matic state. 

Pleurisy with effusion cannot be differ- 
entiated except by guinea-pig inoculation. 
The development of carditis, migrating 
polyarthritis, erythema marginatum and 
subcutaneous nodules aid in the differen- 
tial diagnosis pointing to rheumatic fever 
rather than to tuberculosis. 



Fig. S.—Fibrinous and cellular CTudalo in Itinp. Fic. B.—Lung. Shon-ing border of infarcfcd 
Rupture of capillary at arrow. (.-Vutopsy G.) Mas- area (Ca^e 0). X SO. 

son Trichrome, X 125. 


Differential Diapiosis. The differential 
diagnosis is not easy. The primary acute 
pneumonitis cannot be distinguished from 
primary atypical pneumonia either clini- 
cally, by the sputum studies, by Roentgen 
ray, or by blood studies. The pneumo- 
nitis of rheumatic fever is recognized when 
the other manifestations of rheumatic 


The differentiation of rlieumatic pneu- 
monitis from congestive heart failure is 
based upon the following facts. In con- 
gestive heart failure air hunger and in- 
creased venous pressure are more marked. 
In congestive failure there is an enlarged 
liver which is tender and pulsates. Ascites 
and dependent edema soon follow. A tri- 
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cuspid systolic murmur is frequently with a moderate increase in the granulo- 
heard. Since pneumonitis frequently pre- cytes in all types of lung involvement 
cedes congestive failure, careful observa- except the primary atypical pneumonia, 
tion and timing of events is necessary to The antistreptolysin titer is definitely 
state where the pneumonitis is compli- elevated in rheumatic fever, with or 
cated by congestive failure. without a pneumonitis, and serves to 



Fig. 7. — Vegetation in large branch of pulmon- Pig. 8. — Pleural surface (arrow) with group of 
ary artery (Case 8). Masson Trichrome, X 320. mononuclear cells. Subpleural group of dilated 

vessels (Case 8). Masson Trichrome, X 160. 



Fig. 9.— Alveolus, showing cellular detail (Case 8). Masson Trichrome, X 320. 

The laboratory aids are of little help in differentiate rheumatic pneumonitis from 
the differential diagnosis except in lobar the primary atj'pical pneumonia, bacterial 
pneumonia. The blood sedimentation pneumonia and from tuberculosis, 
rate is elev^ated approximately to the same Discussion and Conclusions. 1. Pneu- 
level in primary atypical pneumonia, in monitis is one of the prominent manifesta- 
tuberculous pneumonia and in rheumatic tions of rheumatic fever actitdty. 
pneumonitis.^ The leukocyte count is 2. Pneumonitis is a definite pathologic 
elevated as high as 20,000 to 25,000 cells, entity only when considered as one of the 
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Fio. 10.— Case 1, No. 15328. Rheumatic pneumonitis. Radiograph of the chest reveals a diffuse patch 
of increased density at the level of the third left anterior interspace. 


Fig. 11.— Case 2, No. SI-43. Rheumatic pneumonitis vrith associated pleura! changes. Radio^aph 
of the chest reveals a patch of increased density at the level of the fourth and fifth right anterior inter- 
spaces. There is associated haziness about thi« area consistent vrith pleural changes. 
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Fig. 12.— Case 3 (radiograph No. 1), No. 18849. Rheumatic pneumonitis. Radiograph of the chest 
reveals multiple patches of increased densities throughout both lung fields. 



Fig 13. Case 3 (radiograph No. 2), No. 18849. Rheumatic pneumonitis and terminal pulmonary 
congestion. Radiograph of the chest 3 days following previous radiograph now reveals diffuse homo- 
geneous densities throughout the inner and middle zones of both lung fields. 
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manifestations in the -wndespread angiitis 
of rheumatic fever. 

3. Pneumonitis occurs in approximatelj’- 
il % of rheumatic fever cases. It is seen 
in 53.1% of the acute fulminating type; 
in 27.4% of the polycyclic type, and in 
2 % of the mild monocj'clic type of rheu- 
matic fever. 

4. The pneumonitis is of 3 types, ac- 
cording to its time of appearance in the 
rheumatic fever state: primary acute, 
secondary acute, and the subclinical. 

5. The diagnosis of pneumonitis of 
rheumatic origin is based entirely on the 
e.xclusion of the other types of pneumonia 
and the concomitant development of other 
manifestations of acute rheumatic fever. 


6. Roentgen ray findings in pneumo- 
nitis of the rheumatic type are not specific; 
but the rapid shift of areas of density, the 
rapid development of an effusion and 
the close adherence of the density to 
the broncho vascular markings are helpful 
findings. 

7. There is no specific laboratory test. 
The laboratory aids are of little help in 
establishing the diagnosis. 

8. The importance of pneumonitis of 
rheumatic fever origin as one of the 
serious manifestations of rheumatic fever 
acti\dty cannot be overemphasized. 

Summary. A study of 119 cases of 
pneumonitis, with histologic and Roent- 
gen ray illustrations is presented. 
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SELECTION OF PATIENTS WITH ARTERIAL HYPERTENSION FOR 
TREATMENT BY REPEATED INJECTIONS OF PITRESSIN 

By J. Q. Griffith, Jr,* 

N. Padis 

AND 

E. Anthony 

PHILADELPHIA, PENNSYLVANIA 

(From the Robinette Foundation and the Medical Clinic of the Hospital of the University 

of Pennsylvania) 


In 1941 Griffith, Corbit, Rutherford and 
Lindauer’^ described a group of patients 
with high blood pressure whose sera con- 
tained a substance capable of suppressing 
water diuresis in rats. It was suggested 
that this antidiuretic substance was, in 
fact, the antidiuretic hormone derived 
from the posterior lobe of the pituitary, 
and that the hypertension in these patients 
was due to increased activity of the poste- 
rior lobe of the pituitary. Subsequently, 
Pendergrass, Modes and Griffith^ and later 
Pendergrass, Griffith, Padis and Barden® 
described the result of treatment of such 
cases by pituitar}’’ irradiation. About 
half the patients so treated showed a drop 
in blood pressure, frequently to the nor- 
mal range, along with clinical impi'ove- 
ment, both occurring 1 to 3 months after 
the irradiation and associated with dis- 
appearance of the antidiuretic substance 
from the blood stream. 

In 1940 Robinson and Farr® described a 
treatment for patients with edema, by 
repeated injections of aqueous pitressin. 
They found that such injections, if given 
daily, would increase the antidiuretic titer 
of the urine for a few days, but subse- 
quently the urine would become actually 
diuretic as compared with its pre-injection 
level. They suggested that this effect 
was due to the appearance in the body of 
an antagonist to pitressin, and showed 
that, at the time when it appeared, edema 
was usually cleared. It is possible that 
the explanation may be the development 


It seemed probable that repeated injec- 
tions of pitressin might have an effect 
such as had previously been observed fol- 
lowing irradiation. In the beginning small 
doses of the aqueous preparation were 
used varying from 0.2 to 1 cc. (Pitressin, 
Park Davis, each cc. containing 20 pressor 
units). Patients were selected on the 
same basis as for pituitary irradiation, as 
follows : (1) Bio-assay for antidiuretic hor- 
mone in serum must be positive; (2) bio- 
assay for gonadotropic hormone in serum 
must be negative at the level of 330 mouse 
units per 100 cc. (the method used was 
that described by Rakoff^) ; (3) renal func- 
tion must be normal as tested by the 
plasma creatinine method described by 
Steinitz and Turkand.® In addition, pa- 
tients were selected Avho were less than 
60 years of age who had suffered no 
previous vascular accident. They were 
also studied from the standpoint of capil- 
lary reactiidty by the method described 
by Griffith, Roberts and Corbit, ^ and cuta- 
neous lymphatic flow by the patent blue 
method of McMaster,® although neither 
of these tests was used in actual selection. 
Subsequently pitressin tannate in oil be- 
came available (Park Davis, 1 cc. = 5 pres- 
sor units) and this was substituted for the 
aqueous preparation. 

Material and Method of Study. In all, 63 
patients with arterial hypertension were 
studied, treated, and followed for a period 
varying from 3 to 26 months, averaging 
8 months; 33 of these were males, and 30 fe- 
males. Ages ranged from the 2nd to the 6th 
decade, with only 5 subjects below 30. 


of an antihormone, but this has not yet 
been established. 

* Atwater Kent Fellow in Medicine. 
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Table 1.— Effect of IxjEcno,vs or Pitressix Upo.v Blood Pressure 




A. Sj'stolic blood pressure before Injection^ 

Systolic blood pressure after injections j 

f 200-250 

200-250 

5 

170-200 150-170 Below 150 

1 170-200 

4 

16 

• I 

1 150-170 

( 3 ) 

11 9 

1 

. Belowr 150 

(1) 

(4) (10) 



B. Diastolic blood pressure before injections 


Over 140 120-140 110-120 100-110 Below 100 


( Over 140 
120-140 
110-120 
100-110 
Belov, 100 


i 

4 9 

( 3 ) 6 3 

( 3 ) (7) (?) n 


Numbers refer to number of patients. Those in parentheses are thought to shon good results and tho'se m bold face 
fair results. 


Table 2.— Correl.i.tion Betoxek Cbaxge ix Sistolic axd ix Dustolic Blood Pressure 
FoLLOinXG IXJECTIOXS OF PiTRESSIX* 

Ss stolic bloofj pressure chanEe 


Diastolic blood pressure change 


Good 

Fair 

No change 


Good Fair No change 
11 8 1 

1 6 2 

23 


* The 11 patients who-e initial diastolic blood pressure was below 100 are omitted from this correlation. Of these 
the sjstohe change was good in 6 cases and no change in 5. 


Tvble 3.— CoBREUtTiox Betwebx Chvxge IX Sistolic Blood Pressure \xd Cuxic^l 

Improvemext 


( Good 

Clinically i Probably good 
{ No change 


S>stoIic Wood pressure change 


Good Fair No change 

10 C 


Tsble 4 .— Factors I.vflue.vcixg the Respo.vse to Isjectioss or Pitressix Tt.xxtTE in 

Oil i.x Hvpertexsiox 


fi/ 




C 


c 
r c 

^ tt 

Group: J 

After injection«,biO'a55a> antuiiuretic hormone: 

Ncgntivc 10 

Positive 



Pilrc««in: 

(o) Aqueous ' 

(W In od; 

than 6 injection** .... 

More than 0 injections ... 


Before treatment cutaneous Ijinphatic Co-w : 

Normal 

Increased 

Before treatment cutaneous capdbrj reaction**: 



.Abnormal • 


t> 


3 

3 


1 


4 

4 o 


3 


o 


4 3 

I 2 


I .. ? 

1 0 

3 4? 


1 3 

2 3 10 


0 4 IS 

1 .. 3 
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Treatment may be divided into 3 general 
types: (1) 13 patients were given injections 
of aqueous pitressin in the dose previously 
stated, daily, for 6 injections or more; (2) 
10 persons were ^ven intramuscular injec- 
tions of pitressin tannate in oil, each 1 cc., 
at weekly or monthly intervals, tne total 
number of injections being less than 6; 
(3) 40 persons were treated similarly, but 
received 6 or more injections. The usual 
procedure was to begin with 3 injections 
at weekly intervals, and foUow by 3 or more 
injections at monthly intervals, until the bio- 
assay for antidiuretic hormone became nega- 
tive. In the beginning and for the first 3 
to 6 months, bio-assays were repeated at 
monthly intervals; thereafter, as far as possi- 
ble, every 3 months. 

Results. Table 1 shows the effect upon 
systolic and diastolic blood pressure. There 
was a significant reduction in pressure in 
about half the subjects treated, and this at 
times was marked. Correlation between 
change in systolic and in diastolic pressure 
(Table 2) is good. Moreover, in Table 3, 
there is a good correlation between clinical 
result and change in systolic blood pressure. 
As seen in Table 3, there are 9 possible 
combinations of change in blood pressure 
along with clinical change: actually only 7 
of these occurred, and these comprise the 
7 groups shown in Table 4, where the best 
results are at the left (Group 1, etc.) and 
the worst at the right. However, it should 
be noticed that Group 7 is the only one where 
we are certain no benefit has been achieved. 
In the future, one would prefer either not 
to treat the patients that fall in this group, 
or else treat them differently. Further study 
of Table 4 shows that the majority of cases 
in Group 7 (12 out of 23) failed to show a 
change in bio-assay for antidiuretic hormone 
following therapy. It is also apparent that 
results were better in those patients who 
received 6 or more injections of the pitressin 
tannate in oil than in those receiving fewer 
injections, or in those given the injections of 
aqueous pitressin. Results were not signifi- 
cantly influenced by the state of the cuta- 
neous capillaries or the rapidity of the 
cutaneous Ij^mphatic flow. 

Immediate reactions to the injections of 
pitressin tannate in oil did not occur, al- 
though 2 patients developed a mild transient 
urticaria a few hours after an injection. 
Immediate reactions did occur following 

VOI.. 212, NO. 1— JULY, 1940 


injections of aqueous pitressin, even in small 
dosage, consisting of blanching of the face, 
a sense of coldness and a vague sensation of 
being ill, and, frequently, increased peristal- 
sis followed by 1 or more stools. The use 
of the aqueous preparation has been discon- 
tinued and is, in our opinion, not now 
justified. 

Case Report. A housewife, age 47, pre- 
sented herself on 2-25-44 because high blood 
pressure had been discovered 3 months 
previously at the time of a surgical operation 
for repair of a broken jaw. Readings had 
been obtained frequently during this period, 
and ranged from 170/110 to 230/140, more 
often at the higher than at the lower limit 
of the range. Patient complained of marked 
dizziness as her only symptom. 

At the time of her initial study, blood 
pressure was 200/120, bio-assay for anti- 
diuretic hormone was positive, bio-assay for 
gonadotropic hormone was negative at 330 
mouse units, plasma creatinine was normal, 
cutaneous capillary reactions were normal 
as was cutaneous lymphatic flow. Pitressin 
tannate in oil, 1 cc., was injected intra- 
muscularly on 3-28-44, 4 - 5 - 44 , 4-12-44, 
5-5-44, 6-6-44, 7-10-44, and again on 11-11- 
44. Blood pressure was measured on the 
following dates, after beginning therapy: 
4-5^4 = 166/108; 4-12-44 = 144/104; 5-5-44 
= 162/100; 6-6-44 = 150/98; 7-10-44 = 
154/104; 9-9-44 = 170/120; 11-11-44 = 
138/98; 1-13-45 = 110/70; 4-7-45 = 132/80. 
Bio-assay for antidiuretic hormone was re- 
peated and was positive on 5-5-44, 6-6-44, 
7-10-44, but was negative on 9-9-44 and 
remained negative thereafter on 11-11-44, 
1-13-45, and 4-7-45. All dizziness had dis- 
appeared by 5-5-44. Patient moved to a 
distant city and was not followed further, 
but reports from her physician stated, as 
of 9-15-45, blood pressure had remained 
normal. 

Summary. Sixty-three persons with 
hypertension were selected on the basis of : 
(1) Positive bio-assay for antidiuretic hor- 
mone in serum; (2) negative bio-assay for 
gonadotropic hormone in serum at the 
level of 330 mouse units; (3) normal renal 
function. They were given injections of 
pitressin tannate using various procedures 
but the one that appeared best was to give 
1 cc. of pitressin tannate in oil weekly for 


2 
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3 weeks and then monthl}" for 3 months, 
and thereafter continuing at monthly 
intervals until the bio-assaj' for anti- 
diuretic hormone became and remained 
negative. Considering the group as a 
whole, blood pressure Avas significantly 
loAvered and symptoms improved in about 
half the cases. Reactions other than oc- 


casional mild urticaria did not occur using 
the procedure just described, but severe 
reactions did occur vrhen aqueous pitressin 
was used. The possible mechanism of the 
reaction is discussed on the basis of the 
Avork of Robinson and Parr,® and it is 
suggested the results parallel closely those 
obtained by pituitary irradiation. 
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REACTIONS TO INTRAVENOUSLY ADMINISTERED AMINO ACIDS 

(CASEIN HYDROLYSATES) 

By Hans H. Hecht, M.D,* 

SALT^LAKE CITY, UTAH 

(From the Department of Internal Medicine, University of Utah Medical School and from 
the Wm. J. Seymour Hospital, Eloise, Michigan) 


Parenteral feeding of mixtures of 
amino acids and lower peptides has become 
a recognized therapeutic procedure in con- 
ditions associated with low nitrogen intake 
or high nitrogen loss. Most of these mix- 
tures are now prepared by hydrolysis from 
casein and adjusted so as to contain in 
sufficient amounts all amino acids essen- 
tial for maintenance of nitrogen equilib- 
rium, growth and plasma protein produc- 
tion. Hydrolysates of the types now 
commercially available contain, of course, 
in addition considerable amounts of “non- 


Mixtures of crystalline amino acids, par- 
ticularly those not containing glycine, 
glutamic acid, and aspartic acid can be 
rapidly administered in large amounts 
while the administration of casein hydroly- 
sates may be followed by undesirable reac- 
tions. Few of these have been serious, 
but recently an instance of fatal reaction 
to a casein-pork pancreas hydrolysate has 
been reported.® Reactions were common 
with earlier preparations and have been 
ascribed in part to the manufacturing 
process.®’®'^® Therefore, a reinvestigation 


Table 1.— “Essential Amino Acids” in Casein and Casein Digests (%) 


Amino acid 

Requirements 
for rats (Rose) 

S* 

B.Bt 

" Parenamine ”t 

‘‘Amigen”t 

Lysine 

1 0 

6 3 

7 6 

8 2 

5 8 

Leucine . 

0 8 

9 7 

12 1 

10 6 

13 5 

Phenylalanine 

0 7 (dl) 

7 9 

5 2 

3 6 

5 6 

Valine 

0 7 

4 0 

7 0 

7 3 

5 0 

Threonine 

0 5 

3 3 

3 9 

2 9 

4 5 

Methionine 

0 6 (dl) 


3 5 

3 6 

3 0 

Isoleucine 

0 5 

2 5 

6 5 

6 1 

4 8 

Histidine 

0 4 (dl) 

3 8 

2 5 

1 6 

2 0 

Arginine 

0 2 

1 2 

4.1 

3 8 

5 5 

Tryptophane 

..02 (dl) 

2 2 

1.2 

1 0 (dl) 

1 0 


* Data given by C. L. A. Schmidt.’^ 
t B.B. data given by Block and Bolling.^ 
t Data supplied by manufacturer. 

Amino acids marked (dl) are present in their racemic form. 


essential” amino acids. Table 1 lists the 
contents of essential amino acids of 2 
commercial preparations as compared with 
the minimum requirements given for rats 
by Rose.®® Minimum requirements for 
man have not been definitely established. 
No detailed information is at present avail- 
able as to the content of the remaining 
amino acids in these mixtures, which 
presumably approximate that of casein 
itself. 


of the tolerance of amino acid mixtures 
prepared with newer methods appeared to 
be indicated. 

The following report discusses the reac- 
tions which occurred in the course of 
intravenous administration of an acid 
hydrolysate of casein (“parenamine”) 
which when fortified with tryptophane 
contains all amino acids present in casein. 
The manufacturing process of parenamine 
has been changed in recent years®® and 


* The study was supported by a grant made to Eloise Hospital by the Frederick Stearns & Co 
Detroit, Michigan. 
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conclusions dravTi from observations pre- 
^^ously reported are not necessarily appli- 
cable to the present mixture. The solu- 
tion was administered for the express pur- 
pose of determining possible hazards 
inherent in their therapeutic use. 

Method. All solutions used were tested 
before for pyrogenic actmty in rabbits, and 
were found free of such contaminants.* 
Amino acids from 149 factory lots were tested 
and care was taken to avoid contamination 
of the final solutions. The rubber caps of 
2 bottles of the 15% mixture supplied by 
the manufacturer were removed without 
touching the glass rim of the bottle. In a 
similar manner a flask containing 500 ml. 
of 5% glucose in saline, 5% glucose in water 
or normal saline was opened and 25 or 50 ml. 
of the amino acid solution were transferred 
from each of the bottles into the flask. 
Usually, the total fluid volume was adjusted 
to 500 ml. by pouring out some of the dilu- 
tion fluid before the amino acids were added. 
Occasionally other concentrations were made 
in a comparable maimer. The final concen- 
tration of amino acids varied from 1.5% to 
7%, 4% being isotonic.^® As only the im- 
mediate reaction to amino acids was of 
interest the type of dilution fluid was of no 
importance. The usual practice of giving 
large amounts of glucose simultaneously to 
avoid excessive neoglycogenesis’ was there- 
fore not always followed. The final mixture 
contained amino acids from 2 different bot- 
tles of the same lot, occasionally from 
2 bottles of 2 different lots. 

Patients were chosen at random from 
various services of the hospital, the only 
prerequisite being the absence of any fever 
for at least 5 days prior to the testing. Some 
exceptions are noted below. The infusions 
were started after a base line for tempera- 
ture, pulse and respiration had been estab- 
lished. The patients were checked at §- 
hourfy and hourly intervals for 4 or 5 hours 
after the end of the infusion or until any 
reaction had completely subsided. With 
few exceptions all patients received 2 infu- 
sions, 1 containing 50 ml. (7.5 gm.) and 1 
100 ml. (15 gm.) of the original mixture. 
The same lot at the same concentration was 
always given to at least 2 individuals simul- 


taneously. Therefore, reactions occurring 
in only 1 of the simultaneously tested pa- 
tients could reasonably not be ascribed to 
the amino acid mixture itself. However, if 
such a reaction did occur, series of similar 
concentrations from the same lot were further 
tested in other indiidduals. One lot was, 
therefore, tested on from 2 to 6 individuals 
before judgment as to its purity was passed. 

The speed of the infusion was adjusted so 
that 500 ml. of fluid were delivered in from 
45 to 90 minutes (average, 60 minutes). 
This proved difficult at times and occasion- 
ally an infusion would be completed in less 
than 30 minutes or in more than 2 hours. 

In a limited number of cases blood amino 
acid levels were determined before, during 
and after the infusion. A micro-method for 
determination of capillary amino acid nitro- 
gen was used, based on the color reaction of 
amino nitrogen with naphtho-quinone sulfo- 
nate as described bs"- Folin and modified by 
Sayhun and by ICrauel.^'’ Values taken on 
normal subjects 2 hours after a light break- 
fast ranged from 7.1 to 8.7 mg. per 100 ml. 
(mean 7.7). These figures are higher than 
those obtained by others using the ninhydrin 
method.^’®® The difference is explained by 
the fact that whole blood rather than plasma 
was used. In addition the naphtho-quinone 
method does not measure amino acids alone. 
In fact, compounds other than amino acids 
may react ndth quinone to a certain extent.’^ 
Such considerations, however, were thought 
to be immaterial as the object of the investi- 
gation was merely to measure rough changes 
over a relatively short period of time in 
fasting patients after a knonm amount of 
amino acids had been added to their blood. 

Kesults. Five hundred and fifty infu- 
sions were given to 303 patients. As seen 
from Table 2, 22 reactions were observed 
in 21 patients, that is, 7 % of all subjects 
experienced a reaction of some kind (4% 
of all infusions given). In 4 patients 
(1.3 %) the infusion had to be discontinued 
because of the severity of the reaction. 
No reaction, how^ever, was alarming or 
■was followed by long-standing or perma- 
nent changes. 

Table 2 shows clearly that the first 


* The data on pyrogen tests ■svere kindly supplied by Dr. C. W. Geiter, Frederick Stearns & Co., 
Detroit, Michigan. 
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2 types of reactions which occurred in 
8 cases, namely, fever with or without 
chills, may be grouped together. There 
is no striking difference in the final amino 
acid concentration given or in the average 
infusion time. Such febrile reactions oc- 
curred in 1.5% of all infusions and consti- 
tuted 36% of all reactions encountered. 
In Ja number of instances, such reactions 
could be traced directly to accidental con- 
tamination of the infusion set. 


In the second patient tested simultane- 
ously and with the same mixture, a tem- 
perature rise to 99.6° F. was noted 4 hours 
after the end of the infusion. No chill 
occurred. When the final mixture for 
these 2 patients had been prepared it was 
left standing in a warm and well-lighted 
room for over 2 hours before the infusion 
was started. The same lot was retested 
in 1 of the 2 patients and in 2 other indi- 
viduals and no reactions were encountered. 


Table 2,-22 Reactions Encountered 

During 550 

Infusions of 

Amino Acids 

(Parenamine) 


No. 

Average 

infusion 

time 

Average 

amino acid % of all 

concentration reactions 

% of all 

Symptoms 

cases 

(min.) 

(%) 

encountered 

infusions 

Chills and fever 

. . 4 

53 

3 6 

18 

0 7 

Fever without chills , 

. . 4 

55 

2 4 

18 

0 7 

Nausea with or without 
ing and hot flashes 

vomit- 
. . 8 

36* 

3 0 

36 

1 5 

Severe headache 

. . 2 


3 0 

9 

0 4 

Precordial pressure 

. . . 1 

50 

3.0 

5 

0 2 

Lumbar pain 

, . . 1 

40 

1 5 

5 

0 2 

Dyspnea 

, . . 2 

67 

4 0 

9 

0 4 


— 


— 

— 

— 

Total 

. . . 22 

, . 

, , 

100 

4.1 


* One patient suffered from nausea without vomiting the 1st day (infusion time 130 minutes; not 
calculated in this table) and severe headache the 2nd day. (See text.) 


A patient with bronchogenic carcinoma 
and extensive atelectasis showed a rise in 
temperature from 99° to 104° after an 
injection of 500 ml. of 1.5% solution in 
20 minutes. Four other patients tested 
with the same lot had no reaction. It was 
noted in this case that due to some irregu- 
larities in . setting up the solution the 
needlfe adapter was handled manually in 
a manner which made secondary contami- 
nation possible. Considerable handling of 
the adapter of the infusion set due to a 
plugged needle was necessary in another 
patient who experienced a sudden chill 
Awth a rise of temperature to 102° F. after 
injection of 200 ml. of a 3% amino acid 
mixture in glucose. Six of these febrile 
reactions occurred singly and the patients 
tested simultaneously experienced no ab- 
normal reactions. . Once a simultaneous 
reaction occurred in 2 individuals. The 
first experienced chills and fever up to 
102° F. with extensive diaphoresis maxi- 
mal 2 hours after the end of the infusion. 


At other times no obvious reason for such 
febrile reactions could be found. In 2 
patients suffering from tuberculosis a defi- 
nite rise in temperature apparently directly 
related to the infusion was noted. A 
patient with pulmonary tuberculosis re- 
ceived a 3% solution in 5% glucose and 
saline over 45 minutes. He experienced 
a rise in temperature without chills reach- 
ing a peak of 102° F. within 2 hours after 
the end of the infusion. In 3 other cases 
of tuberculosis simultaneously tested with 
the same solution no reaction was ob- 
served. Another patient with tuberculosis 
of the spine and transverse myelitis ex- 
perienced a temperature rise to 102° F. 
after an infusion of a 1.5 % solution in 5 % 
glucose. Five other patients experienced 
no symptoms with the same batch of 
amino acids. In this instance the febrile 
response could be repeated several days 
later when a 3% solution made from 
a different batch was offered within 
30 minutes. 
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occurrence whenever parenteral fluids are 
being administered. Recent reports on 
plasma, whole blood, or red cell transfu- 
sions show an incidence of approxi- 
mately A recent report on the 

reaction incidence of a red cell-glucose- 
amino acid infusion mixture lists 3.8% 
febrile reaction.®^ In some series, such 
reactions were encountered in as high as 
10%^ and 14 %® of all transfusions given. 
Pyrexial reactions of this type are usually 
attributed to foreign protein and bacterial 
disintegration products which contami- 
nate the fluid administered, tubing, glass- 
ware or needles used. In a series of 889 
blood transfusions observed during 1930 
and 1931 Lewissohn and Rosenthal re- 
ported a decline of febrile reactions when 
scrupulous technique in cleaning of instru- 
ments and tubing was instituted after the 
first 412 cases .^2 In the present series 
some of the reactions obviously could 
have been avoided but even so the inci- 
dence of febrile reactions (1.5%) does not 
appear higher than in comparable series of 
plasma or blood transfusions. 

Febrile reactions are more likely to 
occur in severely anemic patients or in 
those suffering from infections of various 
kinds. Some of the cases cited above 
seem to bear this out and a specific 
action of amino acids on the thermoregu- 
latory centers cannot be excluded par- 
ticularly when reactions of this type occur 
regularly and repeatedly in 1 case and not 
in others. Injections of crystallized amino 
acids in large amounts have resulted in 
febrile reactions in one series of cases.®^ 
That standing of a ready made-up infu- 
sion may result in febrile reactions has 
been reported^® and was found once in the 
present series. A small number of bacteria 
in the infusion set-up may not interfere 
with the infusion, but further growth upon 
standing may be sufficient to elicit a febrile 
response. One should remember that an 
isotonic amino acid glucose mixture has 
been shown to be a perfect culture medium 
for bacterial growth.^"^ 

Overloading of the circulation by sud- 


denly increasing the circulating fluid vol- 
ume in the face of anemia and heart dis- 
ease or both, is likewise known as an 
avoidable complication of transfusions in 
general.®^'®® A similar reaction was ob- 
served twice in the present study and 
could have been prevented by slowing of 
the infusion or by constant drip adminis- 
tration. 

The importance of so-called nitritoid 
reactions following parenteral fluid ad- 
ministrations has recently been stressed 
by Strumia, McGraw and Blake.®® Such 
reactions consisted in a sense of constric- 
tion of the chest, pain in the lumbar region, 
headaches and occasional nausea and 
vomiting. Four instances somewhat remi- 
niscent of the syndrome were observed 
in the present series. In 1 instance nausea 
without vomiting occurred during the 
latter part and shortly after an infusion 
of 3 % amino acids had been offered over 
a period of 130 minutes. The next day 
this patient reacted with ■ a very severe 
headache when a 6 % solution was offered 
within 125 minutes. No reactions were 
noted in a second patient who received 
the same solution simultaneously. It is 
felt that this patient might have under- 
gone a nitritoid reaction. The nausea 
observed on the first trial was obviously 
not caused by rapid infusion responsible 
for a similar symptom in 7 other cases. 

All these reactions are familiar wherever 
infusions of any type are given. Amino 
acid mixtures are not specifically respon- 
sible for them and they do not appear 
with greater frequency when amino acids 
instead of crystalloids or blood or plasma 
are being given by parenteral route. 

On the other hand, hot flashes, nausea 
and vomiting which follow rapid adminis- 
tration of casein hydrolysates have been 
noted by several observers and they 
appear to be charaeteristic of reactions 
to such mixtures of amino acids. From 
Table 2 and from statements made by 
others, it appears obvious that these reac- 
tions have some relation to the speed with 
which the solution is being offered. This 
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is further suggested by the fact that these 
symptoms disappear soon after the end of 
the infusion or when the speed of inflow 
is reduced. A simple explanation suggests 
itself immediately; amino acids are re- 
sjmthesized primarily in the liver and a 


of inflow to the rate of removal. If this 
assumption is correct, hyperamino-acide- 
mia should be present in cases showing 
nausea but not in others or at least blood 
amino acid levels in these reactors should 
be considerable in excess of those found 


Tabm 3. Amino Acid Levels op Capill.\hy Blood at Intervals Following Infusion 
OF 45 Gm. Amino Acids (Parbnamine) (Mg./IOO Ml) 

No. 

cases Reactions Fasting 30 min. I hr. 2 hrs. 3 hrs. 4 hrs, 7 hrs. 

7 None 7 3 11 0 11 6 12 7 10 4 9 2 8 5 

5 Nausea, 7 3 10 5 12 6 13 1 11 2 9 4 8 7 

vomiting, 
hot flashes 


Table 4. — Amino Acid Levels of Capillahv Blood Following Infusions of 45 Gm. 
Amino Acids (Parenasiinb) : Cases op Normal and Abnormal Lwer Fcnciion 
Compared (Mg./IOO Ml.) 


No. Type and 


cases 

reaction 

Fa-sting 

30 min. 

1 hr. 

2 hrs. 

3 hrs. 

4 hrs. 

7 hrs. 

3 

Normal,* no 
reaction 

S 0 

10 9 

11 6 

13 4 

11 2 

10 1 

9.0 

4 

Normal, 
nausea, etc. 

7 2 

10 1 

12 3 

12 9 

11 8 

9 5 

8.8 

4 

Abnormal,! 
no reaction 

6 S 

11 4 

11 6 

12 4 

9 8 

9 0 

8.0 

3 

Abnormal, 

7 4 

13 2 

13 5 

13 8 

9 4 

9 1 

8 4 


nausea, etc. 

6 9t 

10 3 

10.3 

10 3 

8 1 

6 5 

6 5 


* Normal: Dermatitis, varicose veins, paresis, hypertens on, broncliitis, bronchogenic carcinoma, 
mild toxic goiter. 

t Abnormal; Portal cirrhosis of liver (5 cases), silent stone with obstructive jaundice, catarrhal 
jaundice. 

t One patient with cirrhosis who received only 30 gm. amino acids (i.v.). Nausea and vomiting 
occurred during the 2nd hour of administration. 


Table 5.— Amino Acid Levels of Capillary Blood Following Rapid Injection op 
7.5 Gm. Amino Acids (Pabbnamike) 


No. 

cases 

Type 

Injection 
time, rain. 

Fo-sting 

10 min. 

30 min. 

40 min. 

50 min. 

60 mm. 

1 

Normal 

10 0 

8 S 


• 7 S 

7 5 

7.5 

7.9 

2 

Cirrhosis 

10 0 

S 2 


8.7 

9 5 

9 4 

8 4 

3 

Normal 

5 0 

7.8 

12 4 

10.7 

9 3 

9 1 

7 9 

5 

Cirrhosis 

5 0 

7 5 

12 3 

10 2 

S 6 

9 1 

9 1 

1 

Inf. hepatitis 

5 0 

8 1 

12 5 

10 4 

S 5 

9 5 

7 4 

I 

Normal 

2 5 

7 8 

14 8 

11 3 

9 6 

8 1 

8 4 

2 

Cirrhosis 

2 5 

S 5 

12 8 

11 3 

9 9 

9 0 

8 9 

1 

Inf. hepatitis 

2 5 

7 9 

10 9 

10 0 

7 8 


7 9 


No reactions occurred in any of the cases. 

No rise of amino acid levels was observed when 7.5 gm. amino acids were offered within 10 minutes, 
apparently indicating that removal of amino acids from the blood stream occurred at a rate exceeding 
0.75 per minute in the normal individual as well as in 2 cases of advanced portal cirrhosis (biopsy). 


discrepancy between the speed which such 
products are offered and the capacity of 
the liver to remove them from the blood 
stream might conceivably be a factor 
causing nausea and vomiting. This is 
quickly relieved by adjusting the speed 


in persons not suffering from nausea and 
vomiting. Secondly, patients suffering 
from diseases of the liver with marked 
impairment of function would be expected 
to tolerate amino acids much less readily 
than normal indmduals, would show a 
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higher degree of amino-acidemia and 
might present a higher incidence of nausea 
and vomiting. Some evidence can be 
cited in support of this thesis. It has been 
stated that amino acids are not tolerated 
when icterus is present.®’^® Reactions are 
said to be common in infectious hepatitis.*® 
On the basis of the assumption mentioned 
above, cirrhosis of the liver has once been 
mentioned as a contraindication to par- 
enteral amino acid administration.® Liver 
damage was said to be present in the fatal 
case reported by Curreri, Hibma and 
Cohen,® and was stressed as a complication 
by Hopps.*® A decrease in plasma clear- 
ance of amino acids in hypoproteinemic 
dogs and in patients with diseases of the 
liver has been reported.*®-®® None of 
these statements, however, have gone un- 
challenged and in fact amino acid solu- 
tions have been used extensively in the 
treatment of cirrhosis of the liver*® ■*®'*® 
and in infectious hepatitis.®* 

In an attempt to obtain some informa- 
tion relative to the cause of this reaction 
amino acid levels were determined by 
measurements of capillary blood in a 
number of cases before, during and after 
parenteral infusion of amino acids. Of 
the 14 cases thus tested, 7 were patients 
suffering from a variety of diseases not 
severe enough to affect liver function 
appreciably, 5 had advanced portal cir- 
rhosis confirmed by biopsy, 1 had severe 
obstructive jaundice of long standing 
(silent stone) and 1 had infectious hepat- 
itis. All but 2 patients thus tested re- 
ceived 45 gm. of amino acids diluted to 
1000 ml. of fluid with 10% glucose (4.5% 
solution). They were fasting and received 
no food for 7 hours after the beginning of 
the infusion. Table 3 reveals the absence 
of any significant differences in the amino 
aeid levels in cases reacting with nausea 
and vomiting and in those tolerating the 
infusion. Furthermore, there appears to 
be no striking difference between cases 
with and without diseases of the liver, as 
indicated in Table 4. Although only a few 
cases were tested in this manner the results 


were consistent and the ranges of the 
amino acid concentration in the individual 
cases were not striking. However, from 
the inspection of some of the curves it 
appeared that the speed with which a 
higher arnino acid level was obtained 
rather than the level itself may have been 
one factor responsible for the reactions 
(Fig. 1, C, E). A rapid rise was observed 
in other cases who did not suffer emesis 
(Fig. 1, R). It was found, for instance, 
that nausea and vomiting would occur 
when the level rose from 7.4 to 13.2 mg. % 
It subsided promptly when the speed of 
the infusion was reduced, although during 
the next 90 minutes the level rose from 
13.2 to 13.5 and from 13.5 to 13.8 mg.% 
(Fig. 1,C). (The differences may lie with- 
in the error of measurement.) In another 
case nausea and explosive vomiting was 
present when the amino acid level as- 
cended from 7.7 to 14.2 mg. within 30 
minutes. "V^Tien the inflow was adjusted 
the level rose still further to 15.5 mg. dur- 
ing the next hour but nausea subsided 
(Fig. 1, E). It was, therefore, surprising 
to observe that when amino acids were 
offered very rapidly with a syringe in 
15 cases, not a single instance of nausea 
and vomiting occurred although steep 
rises in amino acid levels were present 
(Table 5). Again, in the small number 
of cases no significant differences were 
noted between cases with normal and 
abnormal liver function. Obviously, the 
speed of administration must be of some 
importance as repeated observations have 
shown that slowing of the infusion will 
prevent such reactions. Rapid adminis- 
tration of amino acids by syringe is neees- 
sarily limited as to the total amount 
offered and not more than 7.5 gm. paren- 
amine was given in each case. The blood 
levels obtained, however, were comparable 
to those observed in patients receiving 
larger amounts over longer periods. In 
addition to the speed of administration 
one might assume that saturation of the 
liver with amino acids might be another 
factor concerned in the development of 



42 


hecht: esttravenotjslv administered amino acids 


nausea and vomiting. It appears, then, 
that the rapidity of the rise of amino acid 
concentration in the blood plus the total 
amount offered are the two important 
factors responsible for the reactions en- 
countered. 

It has recently been reported that cer- 
tain amino acids, particularly glycine, 
glutamic acid and aspartic acid, may be 
responsible for intolerance.-^'^-^ In hypo- 
proteinemic dogs no reactions occurred, 
in spite of extremely rapid administration 
of fairly large amounts when these sub- 
stances were omitted from crystalline 
amino acid mixtures. In these series of 
experiments mixtures of crystallized amino 
acids were uniformly better tolerated than 
mixtures prepared from casein hydrolj’’- 
sates. This might be explained by the 
fact that in casein glutamic acid is present 
in amounts over twice as high as any other 
individual amino acid.^^ Our observa- 
tions on total amino acid levels during and 
after infusions neither confirm nor deny 
these findings, but the fact that no cor- 
relation of the total amino acid level to 
intolerance was found would favor the 
concept that indi%’idual components of the 
mixture might be responsible for such 
reactions as hot flashes, nausea and vomit- 
ing. The amount of glutamic acid offered 
on rapid injection in the examples pre- 
sented might not have been sufficient to 
reach a reaction threshold. 

Another tj'pe of reaction which is regu- 
larly mentioned as tj'pically associated 
with amino acid administration is the 
tendency of such mixtures to cause phlebo- 
thrombosis. This has been encountered 
frequently by us during the routine use 
of amino acid hydrolysates, although in 
the present study thrombosis was not 
encountered, because the time of infusion 
was short and the administration not 
repetitive. Both commercial preparations 
have a pH of about 4. When diluted to 
a 4% solution the mixture is equal in iso- 
tonicity to normal saline or 5% glucose. 
It has recently been stated that phlebitis 
is caused by the hj-pertonicity of the solu- 


tion rather than by the amino acids them- 
selves.*" No more than 45 gm. of amino 
acids is usually given in 1000 ml. of a 
dilution fluid so that the assumption that 
phlebothrorabosis is caused by the h}q)er- 
tonicity of the solution is rarely met under 
ordinary circumstances. It might again 
be possible that individual amino acids 
by themselves or by locally combining 
with other substances may be concerned 
in endothelial damage and intravascular 
clotting. Acidity of the final solution 
would hardly be a factor in the ordinary 
dilutions used. 

Conclusions. The results of this study 
in general are in accord with the experi- 
ences of those who have used amino acids 
before. There is a definite but rather low 
incidence of reactions. Some are seen with 
any t^-pe of parenteral fluid administra- 
tion, others are characteristic for solutions 
of amino acids. It appears justified to 
follow certain precautions when mi.xtures 
of amino acids of the types at present 
available are to be given parenterally; 

1. In preparing the final solution ut- 
most care should be taken to avoid 
accidental contamination in mixing or in 
starting the infusion. Glucose protein 
mixtures of the type used are perfect 
media for bacterial growth. The mixture 
should, therefore, be prepared bj"- the 
physician who plans to use it and the 
procedure of dilution should not be left 
to the nursing staff. The recent introduc- 
tion of a ready made solution of amino 
acids in glucose should go far to prevent 
febrile reaction caused bv' improper hand- 
ling. 

2. Once set up in the final dilution, the 
mixture should be given without delay. 

3. The speed of flow should be adjusted 
so that not more than 15 gm. hydrolysate 
(100 ml. parenamine) are offered per hour 
(0.25 gm. per minute). 

4. As endothelial damage and phlebo- 
thrombosis cannot be avoided when amino 
acids are to be given over a long period of 
time, a vein on the dorsum of the hand 
should be used and subsequent injections 
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should be given into the same vein, gradu- 
ally moving the point of insertion proxi- 
mally. Thus the vein can be used even if 
its distal end has become sclerosed and 
multiple thromboses of superficial veins 
can be kept to a minimum. 

If these precautions would have been 
followed at all times during the present 
series, the incidence of reactions could 
have been lowered to at least 10 instead 
of 22 cases and uneventful infusion would 
have been observed in 98% instead of 
93 % of the cases. The incidence of pyro- 
genic reaction in this series was not greater 
than in any of the reported series of blood 
and plasma transfusions. 

Summary. 1. Twenty-two reactions 
were observed in a series of 550 infusions 
of an amino acid solution (casein hydroly- 
sate) given for the sole purpose of deter- 
mining the incidence and character of reac- 
tions inherent to parenteral protein ali- 
mentation. The reaction incidence was 
4%. 

2. Eight of these reactions consisted of 
sudden onset of fever with and without 
chills (1.5% of all infusions). It does not 
seem justified to attribute the pyrogenic 
reactions to the acid hydrolysate admin- 


istered. In a number of cases accidental 
contamination appeared likely, in others 
tubing reactions might have been respon- 
sible. In still others, a rise in temperature 
was noted without an apparent exciting 
cause. 

3. Nausea with or without vomiting 
may occur when the speed of administra- 
tion exceeds 15 gm. per hour. Blood 
amino acid levels taken during this period 
showed little difference when those re- 
acting with nausea and those tolerating 
the infusion were compared. It is likely 
that the steepness of ascent of amino acid 
levels plus the total’ amount of amino 
acids offered were responsible for the 
reactions of this type. These findings 
favor the view that some individual com- 
ponents of the mixture may be responsible 
for nausea and vomiting produced by 
solutions of this type. 

4. Under conditions of these experi- 
ments, cases with diseases of the liver 
did not appear to react differently as com- 
pared with others. 

5. Certain recommendations are made 
which, if followed, should reduce reactions 
to parenteral amino acid administration to 
the unavoidable minimum. 


Dr. K. K. Krauel and Miss B. Squires gave valuable assistance. 
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MALARIAL JAUNDICE 

By Capt. a Gorman Hills, M.C., A.U.S. 

TWENTIETH GENEHAE HOSPITAL, ADVANCE SECTION, USE 
APO 885 , NEW YORK, NEW YORK 


Jaundice is known to occur in malaria,® 
as indeed is hardly surprising in a hemo- 
lytic disease, but it is uncommon. The 
clinical records of the 20th General Hospi- 
tal, a United States Army installation 
located in Assam Province in India, make 
available for study 8837 cases of malaria 
occurring between May 1, 1943, and 
Sept. 1, 1945; and it has been thought 
worth while to review this material to the 
end of elucidating the clinical syndrome 
of malarial jaundice. 

Method of Study. The records of the 
clinical laboratory were scrutinized and all 
reports (321) submitted by the laboratory of 
a quantitative van den Bergh exceeding 
0.6 mg. % or an icterus index exceeding 10 
were collected,* The clinical records of all 
these patients were then inspected and all 
those which showed the occurrence of 
malaria at or near the time the patients were 
jaundiced were put aside for study. These 
charts numbered 30 and comprised the avail- 
able case records of all our patients who had 
jaundice in close association with malaria 
during the period covered by this study. 

It soon became apparent that 24 of the 
30 patients exhibited a unified clinical 
syndrome which unquestionably repre- 
sented malarial jaundice. Briefly this was 
characterized by the sudden onset of pain- 
less hemolytic jaundice of varying degree 
during an attack of malaria, in all in- 
stances while the patient was still febrile, 
which subsided rapidly and completely, 
and which was perfectly benign provided 
it was uncomplicated. 

Six of the 30 records were excluded from 
the study. Two were those of patients 
treated elsewhere for malaria and trans- 
ferred here afebrile and asymptomatic, 
each of whom had a slight elevation of 
serum bilirubin on admission (van den 


Bergh 0.9 mg. and 0,8 mg. per 100 cc., 
respectively). These patients may have 
had malarial jaundice, but we have in- 
sufficient data to draw any conclusions. 
Another patient developed falciparum 
malaria on the 11th day of a perfectly 
typical catarrhal jaundice. The other o 
patients became jaundiced either during 
a malarial attack or (2 cases) 1 to 3 days 
thereafter; but the long duration of the 
jaundice, and the onset of the disease, 
with constipation and dull abdominal dis- 
tress, clearly demarcated it from the syn- 
drome of malarial jaundice; and in addi- 
tion their jaundiee was not of the hemo- 
lytic type, as none was anemic and the 
2 who had more than one hemoglobin 
estimation showed no fall during their 
disease. 

Analysis of Cases. Table 1 records the 
clinical and laboratory data in the 24 
cases of malarial jaundice studied. The 
admission histories (with the exception of 
Case 8, in whom no adequate history was 
obtainable) recounted in general the 
banal symptoms of an acute attack of 
malaria. Unusual features in any pa- 
tient’s record are noted in Table 1 and 
in the appended comment. 

Comment. 1. Age, Race and Incidence. 
Malarial jaundice appeared in 0.27% of 
our patients with malaria (24 of 8837). 
All were soldiers of the Chinese or Ameri- 
can Army, and only 7 were older than 
the 3rd decade. Table 2 shows percentage 
calculations based upon nationality and 
parasite species. Malarial jaundice was 
about 4 times more common in falciparum 
than in vivax malaria; but nationality did 
not appear to influence its incidence. 
Jaundice was not seen in 100 cases of 
quartan malaria. 


* Acknowledgments arc due Captains H. H. Hodges and WiUiam Fitts, A.U.S., who did this portion 
of tiio work. 
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2. Abdominal Symptoms. Though nau- 
sea and vomiting were not uncommon, 
abdominal distress of any tj'pe occurred 
in only 3 patients, all of whom had falci- 
parum malaria. Two of them (Cases 22 
and 23) complained of cramping pains, 
quite unlike the dull distress of catarrhal 
jaundice; and both these soldiers were 
passing, at the time, frequent watery 
scanty stools which contained no blood 
or pus. This sjmdrome was not rare in 
our malarial patients and was thought to 
be a mild malarial dysentery. The third 
patient (Case 24) had fairly severe steady 
right upper quadrant pain unassociated 
with diarrhea. 


quently was fairly accurately determinetl. 
In the 13 patients in whom jaundice was 
present on admission, the day of onset 
was taken to be the day of admission, 
thereby probably introducing a slight 
error. On the other hand, the date of the 
disappearance of clinical jaundice was not 
always e\ideht from the record. A normal 
or practically normal laboratory deter- 
mination of serum bilirubin was utilized 
in fixing the limit of jaundice where one 
could be sure that the jaundice had not 
disappeared more than a day or 2 prior to 
the normal reading. In 8 patients, infor- 
mation on this point was insufficiently 
accurate, and no calculation has been 


Table 2.— Ratio or Malabial Jaunbice to Total Malaria by Groups 



Chine«e 

American 

Total 


ViA-ax 

13G1 ~ ® 

2605 ~ ° 

5 

3966 “ 

0 12% 

Falciparum 

. 13 - --- 

3300 - ® 

^ = 04% 

14/1 

19 

4771 

0 4% 


3. Smear for Malaria Parasites. Five 
patients had trophozoites of P. rirax in 
the blood smear; 18 showed trophozoites 
of P. falciparum. No mixed infections 
occurred. One patient (Case 17) showed 
a plasmodium the species of which was 
undetermined; his disease has been con- 
sidered to be falciparum malaria because 
of the clinical phenomena of severe dizzi- 
ness, so common in falciparum malaria, 
and sustained high fever. Two seri- 
ously ill patients (Cases 8 and 24) showed 
also quantities of segmenting forms of 
P. falciparum in the peripheral blood. One 
patient (Case 19) showed numerous mero- 
zoites of P. vitax. 

As wms to be expected, P. falciparum 
gave rise in general to a more severe ill- 
ness than did P. vivax. All 3 fatalities 
w'ere due to P. falciparum infections, as 
were the more severe grades of jaundice. 
P. malarise was demonstrated in none of 
these patients. 

4. Jaundice. The calculation of the 
mean duration of jaundice is subject to 
several inaccuracies. The day of appear- 
ance of icterus in 11 instances w'as subse- 
quent to the day of admission, and conse- 


made of the duration of their jaundice. 
The 3 patients who died while still jaun- 
diced also did not figure in the estimations 
of the duration of icterus. 

The average duration of jaundice as 
calculated in the remaining patients was 
7 days, vith a maximum of 15 (Case 17) 
and a minimum of 2 (Case 14). The 
average day of onset was the 4tli day of 
fever, and varied between the 1st and 
the 7th. 

The fact that our patients had serum 
bilirubin determinations by 2 different 
teclmiques introduced a problem in the 
evaluation of the average maximal bili- 
rubinemia, since it is not possible’ to as- 
sume an accurate equivalent icterus index 
for a given van den Bergh reading, or 
xice versa. However, by counting only 
one of the laboratory methods in each of 
the 5 patients who had serum bilirubin 
estimations by both techniques—the ic- 
terus index in Cases 17 and 21 and the 
van den Bergh in Cases 6, 10 and 16 
an average maximal van den Bergh of 
2.4 mg. per 100 cc. was obtained in 
10 patients, and an average maximal 
icteric index of 27 in the other 14 pa- 
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tients. Since these figures are roughly 
equivalent, it is felt that the calculation 
is substantially as accurate as it would 
have been had only one method been used. 
There remains, of course, the error intro- 
duced by the unlikelihood that blood 
samples were taken at the height of the 
jaundice in all cases. 

The qualitative van den Bergh reac- 
tions have not been tabulated. All the 
sera which gave a very high quantitative 
titer showed a strong direct reaction. 
No immediate reaction was obtained 
when there was only slight quantitative 
elevation. The intermediate quantita- 
tive readings were accompanied by bi- 
phasic qualitative reactions. 

5. Hemoglobin. In only 6 of our pa- 
tients were hemoglobin determinations 
made which spanned the period during 
which the icterus was waxing (Cases 1 
to 6). In all 6 there was a fall in hemo- 
globin compatible with rapid destruction 
of red blood cells. The mean fall meas- 
ured 2.25 gm. % measured over a mean 
time interval of 3.7 days. The determina- 
tions were not systematic enough to yield 
information concerning the relative quan- 
tity of erj’^throcyte lysis in any given 
patient; what they do show is that in all 
fi cases definite blood destruction accom- 
panied the rising serum bilirubin; and one 
may safely conclude that their jaundice 
was of the hemolytic variety. 

There is every reason to suppose that 
tlie other patients’ jaundice was on the 
same basis. Many of them were admitted 
already jaundiced and, as would be ex- 
pected, their admission blood counts 
almost always showed a rather marked 
anemia. An occasional patient (Cases 9 
and 23) had a single reading 3 to 4 days 
before jaundice appeared, and they showed 
no anemia. Only 1 patient (Case 17) 
had a single normal reading at a time 
when he was becoming jaundiced. 

It is concluded that malarial jaundice 
is of the hemolytic variety. 

G. Un'jic. (a) Bile pigments: The 
urine of I] of these patients was not 
tested for the presence of bile pigments. 


Of the remaining 13 patients, 9 passed 
urine containing bile by chemical test. 
The laboratory returned a negative report 
on the urines of the 4 remaining patients. 
However, 2 of these men had passed a 
dark colored urine the day before the 
specimen examined by the laboratory was 
collected. Apparently bilirubinuria is the 
rule in this sjmdrome. 

(6) Hemoglobinuria; Three patients 
passed free hemoglobin in their urine. In 
2 of them (Cases 20 and 24) the charac- 
teristic reddish color was present and the 
benzidine test was positive; in the 3rd 
(Case 17) no mention is made of the color, 
but the benzidine test was positive on a 
urine which contained no red blood cells. 
A 4th patient (Case 8) probably had 
hemoglobinuria; his urine was described 
as “bronmish orange,” but no benzidine 
test was done until the 2nd day, at which 
time the urine was no longer reddish but 
dark brown, and was benzidine-negative, 
though positive for bile. This patient is 
the only one of whom it is specifically 
stated that no antimalarial drug had been 
taken prior to the appearance of reddish 
urine. 

The prime importance of the fact that 
these 4 patients -had the highest elevations of 
serum hiliruhin in our whole series will be 
further discussed. 

7. Stools. Stool pigment has not been 
tabulated because it is mentioned specifi- 
cally in only 2 patients, both of whose 
feces contained bile. It is quite unlikely 
that acholic stools passed by febrile 
jaundiced bed patients Avould escape the 
attention of the ward ofiicer. Presumably 
most of the stools contained excess bile. 

S. Liver and Spleen. The liver was en- 
larged in 10 of our cases, in 3 of which it 
was tender. The spleen was palpable in 13. 

9. Complications, (a) Cerebral malaria; 
A number of patients, without e.xhibiting 
full-blown cerebral malaria, gave evidence 
of mild central nervous system irritation. 
Those who, in addition to severe headache, 
had any of the phenomena of severe dizzi- 
ness, stiff neck, mental dullness, or reflex 
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changes are tabulated as questionable 
cerebral malaria. 

Tliree patients (Cases 7, S and 24) had 
undoubted cerebral malaria; and in all 
the disease ended fatally. All were stu- 
porous to unconscious throughout their 
hospital course (3 to 4 days); and all had 
reflex abnormalities and positive Babinski 
signs. Two (Cases S and 24) e.xpired in 
deep coma, the other after 2 severe gen- 
eralized concisions. 

Cerebral involvement appears to bear 
no relation to icterus in malaria. The 
3 cases of cerebral malaria represent a 
small fraction of the total number of 
patients with that disease seen here dur- 
ing the period covered by this studj', and 
of course none of the others was jaundiced. 

(6) Azotemia: Two patients developed 
a severe acute azotemia as manifested by 
B.U.N. determinations of 105 and 113, 
respectively. One of them (Case 20) 
entered the hospital deeply jaundiced 
and in stupor, but he was vigorously 
treated with quinine and atabrine and 
his fever subsided. He had transient 
hypertension. Although his icteric index 
and B.U.N. were normal after 3 weeks, 
he was still unable to concentrate his 
urine above 1.012. 

The other patient (Case 24) was one of 
the 3 cases of cerebral malaria. He was ad- 
mitted in stupor, sank slowly into deeper 
coma, and expired quietly on the 3rd hos- 
pital day. It seems probable that the 
cause of death was cerebral, although 
nitrogen retention, measured on the 2nd 
day, was marked. 

It is of interest that these 2 azotemic 
patients constitute 2 of the 3 patients 
who had definite hemoglobinuria. That 
the association is more than coincidental 
is further suggested by the fact that the 
patient (Case 8) who passed bro\\mish 
orange urine which was not submitted 
to chemical examination had a B.U.N. of 
34; and that no other patient in our series 
was reported to have a B.U.N. above 22. 
The subject mil be further discussed in a 
later section of this paper. 


10. Medication. Because of the possible 
relationship of malarial jaundice to black- 
water fever, in which condition quinine 
has been thought by some to play a patho- 
genetic role, and because it is knorni that 
atabrine may under some circumstances 
be hepatotoxic,'* both the ingestion of 
these drugs shortly prior to the appear- 
ance of jaundice and their therapeutic 
e.xhibition in this hospital ha\'e been 
tabulated. Ten patients had taken neither 
drug therapeutically prior to the onset of 
icterus, and only 1 of this group (Case 24) 
had been receiring suppressive therapy 
with atabrine. Nine had been treated 
with atabrine and 7 \rith quinine. There 
is therefore no indication that either drug 
played any part in the production of 
jaundice. 

No patient was treated here \ritb quin- 
ine alone. Seven received atabrine alone, 
and the average duration of their jaundice 
was 7 days— precisely the same as in those 
patients who also received quinine. Evi- 
dence is lacking to convict either drug of 
prolonging the jaundice. 

It is noteworthy, but probably of no 
significance, that the shortest-lived jaun- 
dice occurred in the 1 patient who was 
treated with a new antimalarial chemical, 
SN-6911 (Case 14). 

11. Autopsy Material. Three patients 
died (Cases 7, 8 and 24) and postmortem 
examinations were performed on all. All 
showed congestion and edema of the 
brain, liver, kidneys and pancreas. Pig- 
ment macrophages crowded the capillaries 
of all the organs. The livers were grossly 
firm and congested; the sinusoids were 
wide; the cords pale, granular and swollen, 
and contained large amounts of pigment 
granules (hemosiderin). The microscopic 
appearance of liver tissue was thought to 
indicate the presence of hepatic damage. 

Discussion. 1. Hemolysis and Liter 
Damage. It is a familiar fact that in 
hemolytic icterus of any type some im- 
pairment of liver function occurs which 
acts as an accessory in the production of 
jaundice. Rich® has pointed out that 
95% of a dog’s liver can be excised mth- 
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out producing jaundice, and has suggested 
that anoxemia of the hepatic cells result- 
ing from anemia may account for failure 
of liver function in hemolytic diseases. 
The microscopic sections of liver tissue in 
these cases make one speculate whether 
the flooding of the organ with pigment, 
not only in the endothelial and Kupffer 
cells, but in the parenchyma as well, may 
not have some toxic effect. Using the 
bromsulfalein excretion test, Machella, 
Burgoon and Fine,® working at this hospi- 
tal, have presented e\'idence that fever 
itself may depress hepatic function. They 
found that in 36 attacks of P. faldfarum 
malaria in Chinese soldiers there was 
abnormal dye retention during the febrile 
period; and they were able to demonstrate 
retention of the same order of magnitude 
in 3 febrile subjects in whom pyrexia was 
induced artificially by the injection of 
typhoid vaccine. 

Whatever the cause, it is clear that the 
liver is damaged in malarial jaundice. 
The sections afford evidence of degenera- 
tive changes in the parenchymal cells, 
and the presence of a direct van den Bergh 
reaction and of bile in the urine in many 
instances is indicative of intrahepatic 
microscopic regurgitation into the blood 
stream of cholebilirubin. 

Serial dye excretion studies in 3 of our 
mildly jaundiced patients® show that the 
hepatic dysfunction is transient, at least 
in the milder grades of jaundice. Abnor- 
mal dye retention 1 week after the temper- 
ature returned to normal was minimal. 

2. Ilcmoglobimiria aiid Blackivafcr Fever. 
The presence of hemoglobinuria in 3 and 
probably 4 of our cases calls for further 
discussion. 

In every malarial chill there is, of 
course, more or less destruction of red 
blood cells; indeed, fever is not believed 
to be produced unless at least 1 in 10,000 
red cells are parasitized.*® The cases pre- 
sented in this paper are those in which the 
amount of pigment so libcrafed into the 
blood stream has been sufficient to exceed 
the reserve capacity of the liver to e,xcrete 


it as bile, with resulting bilirubinemia and 
jaundice. 

Dameshek and Schwartz* have shown 
that hemoglobinuria will occur when a 
hemolytic reaction attains sufficient in- 
tensity. In their e.xperiments they pre- 
pared in rabbits a hemolysin against 
guinea-pig red cells. When a small 
amount of this substance was injected into 
guinea-pigs, a subacute hemolytic anemia 
ensued; a larger amount resulted in acute 
hemolytic anemia, and a still larger quan- 
tity produced acute fulminating anemia 
with hemoglobinuria. 

That their findings apply equally to 
malarial hemolysis is attested by the fact 
that of the 4 patients in our series who 
had the most intense hemolysis as gauged 
by the height of the serum bilirubin, 3 
showed hemoglobinuria and the 4th prob- 
ably had it; and none of the others did. 

The renal threshold for hemoglobin is 
rather high; Tonfick** observed that the 
plasma must be quite pink before hemo- 
globinuria can occur, and Pierce® has cal- 
culated that in man the blood must con- 
tain at any given time 0.06 gm. of free 
hemoglobin per kilo of body weight before 
that substance can appear in the urine. 
In a 70 kilo man with a plasma volume 
of 3.8 liters, this would represent a plasma 
level of approximately 110 mg. per 100 cc. 

It is unfortunate that we have no stud- 
ies of plasma hemoglobin in any of our 
cases; but it is reasonable to assume that 
those patients who showed cadence of 
acute hemolysis only slightly less severe 
than our 3 patients vuth hemoglobinuria 
would have shovm definite hemoglobin- 
emia. The studies of Voigt and Voigt*® 
indicate that hemoglobinemia is by no 
means rare in uncomplicated falciparum 
malaria. They determined the plasma 
hemoglobin in 17 patients during an at- 
tack of that disease, and found that 
9 showed none, 4 traces, and 4 levels 
var\dng from 22 to 60 mg. per 100 cc.; 
25 normal control subjects never exceeded 
a level of 19 mg. per 100 cc. In 4 of 
17 cases of ordinary falciparum malaria, 
then, significant hemoglobinemia was pres- 
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ent— a figure which suggests that the 
condition is vastly more common in falci- 
parum malaria than is clinical jaundice, 
and therefore that less hemolysis is re- 
quired to produce definite elevation of 
serum hemoglobin than to cause jaundice. 

Hemoglobinemia reflects the functional 
failure of the reticulo-endothelial system 
to keep the plasma clear of hemoglobin 
by converting it promptly to hemobiliru- 
bin. Hemoglobinuria represents a far 
more advanced degree of functional im- 
pairment, inasmuch as the plasma hemo- 
globin cannot be kept below the renal 
threshold. The latter condition is far 
less common; it is also far more serious, 
for it at once jeopardizes renal function, 
whereas hemoglobinemia per sc appears 
to entail no particular deleterious conse- 
quences. 

The continuity of our cases, ranging 
as they do from minimal hyperbilirubin- 
emia to marked icterus with hemoglobin- 
uria, conveys no hint that metabolic idio- 
syncrasy is playing any r61e; and the con- 
clusion is drawn that hemoglobuivria will 
appear in malarial jaundice when the nstial 
hemolytic mcchanicvi present in the disease 
becomes so intense and acute that the rcticido- 
endoihelial system is 'unable to keep the 
plasma hemoglobin level below the renal 
threshold. 

None of our cases merits the appellation 
of blackwater fever; yet, although we 
have not seen that condition, it is believed 
that some light may be shed upon its 
etiology by a consideration of the cases 
here reviewed. According to Stitt,® its 
pathognomonic features are_ explosive, 
severe hemolytic anemia and jaundice 
with massive hemoglobinuria accompany- 
ing an unusually prostrating chill in a 
patient noth malaria. It is easy to under- 
stand how clinicians, observing the strik- 
ing picture of prostration, the massive 
hemoglobinuria, and the greatly enhanced 
mortality of the condition, should suppose 
that they were dealing with some etiologic 
factor in addition to that of an egregiously 
severe malarial hemolysis. 

From what has already been said, how- 


ever, it is clear that hemoglobinuria may 
be expected in severe malarial jaundice. 
Fairley and Bromfield® found that the 
average maximal indirect van den Bergh 
reaction on the sera of 20 patients with 
severe blackwater fever was 10.7 mg. per 
100 cc. — a figure approaching 5 times the 
.average maximal of our cases, though 
but slightly higher than the 2 highest 
readings of our series (9 mg. and 8.5 mg.), 
both of which occurred in patients in 
whom hemoglobinuria was present. As 
regards the high mortality rate of black- 
water fever, Stitt states^® that “ the prog- 
nosis is especially dependent upon the 
amount of red corpuscles destroyed and 
whether the kidneys continue to func- 
tion.” Peculiarly significant, therefore, is 
the fact that the 2 of our patients (Cases 20 
and 24) who had the most severe hemo- 
lytic reaction, and whose urines were 
among the 3 which definitely contained 
hemoglobin, developed a severe acute 
nitrogen retention (B.U.N. 105 and 113, 
respectively), and, in the case of the for- 
mer, eridence of serious derangement of 
renal function (impaired luinary concen- 
tration). 

It is suggested that our cases exhibit a 
series of instances of malarial hemolysis 
ranging from the least amount required to 
produce icterus to a severe jaundice with 
hemoglobinuria which is just short of true 
blackwater fever; that a somewhat more 
hyperacute malarial hemolysis than we 
have seen would exemplify the blackwater 
fever syndrome; and that the appearance 
of hemoglobinuria, with its threat to renal 
function in an acutely ill febrile patient, 
though impljdng an abrupt enhancement 
of the risk to health and life, does not 
necessarily indicate any etiologic hiatus 
nor imply any causative factor other than 
unusually severe malarial hemolysis. 

Summary and Conclusions. Analysis is 
made of 24 cases of jaundice caused by 
malaria, comprising 0.24% of 8831 cases 
of malaria treated in the 20th General 
Hospital over a 28 month period. 

Malarial jaundice is a distinct clinical 
entity characterized by the abrupt onset 
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of painless icterus in a febrile patient 
suffering with malaria. It is of short 
duration, averaging 7 days in our series. 
Enlargement of the liver and bilirubinuria 
are common; acholic stools probably do 
not occur. It is 4 times more common in 
falciparum than in vivax malaria. 

It is primarily a hemolytic icterus, but 
hepatic injury secondary to hemdlysis and 
fever contributes to the production of 
jaundice. There is no evidence that 
quinine or atabrine have any part in its 
pathogenesis. 


Hemoglobinuria is the rule in exception- 
ally severe malarial jaundice. Because of 
its threat to renal function it is a compli- 
cation to be dreaded. The mechanism of 
its production is discussed. Cerebral 
malaria probably accounted for all 3 fatali- 
ties in our series, but its incidence appears 
to be unrelated to the presence of jaun- 
dice. Uncomplicated malarial jaundice is 
benign. 

The relationship of malarial jaundice to 
blackwater fever is discussed. 


Addendum. Since the completion of this paper, Major T. E. Machella has informed me that in 
the earliest days of this hospital he cared for 3 patients with unquestionable blackwater fever. It is a 
great misfortune that their records are no longer available, as they would have completed the continuity 
of a series of patients with malarial jaundice seen in this hospital ranging from minimal icterus up to 
and including the blackwater fever syndrome. 
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PURPURA AS A COMPLICATION OF MALARIA 

By Maj. Joel Shrager, M.C., A.U.S. 

AND 

Maj. B. H. Kean, M.C., A.U.S. 

ANCON, CANAL ZONE 

(From the Board of Health Laboratory, Gorges Hospital) 


A COMPLICATION of a disease, although 
it may occur only once in 1000 cases, be- 
comes important when millions of men 
are exposed to this disease, especially if 
the complication is a serious one and the 
danger to life is great. This is true of 
hemorrhage or purpura which occurs dur- 
ing the course of malaria, or as a result 
of drug therapy in malaria. 

Purpura as a complication of malaria 
has been noted in the past by various 
investigators, although reports on this 
subject have been infrequent during the 
past 2 decades. Paisseau and Lemaire'® 
observed hemorrhagic manifestations be- 
tween the 1st week and the 2nd month 
after primary infection ivith plasmodia. 
“They have met with cases of simple 
purpura, manifested in fine petechife all 
over the body but particularly abundant 
on the legs, and characterized by a com- 
plete absence of pjTexia; of simple purpura 
shown in extensive ecchymoses and asso- 
ciated with ordinary ‘pernicious’ sjnnp- 
toms; of hemorrhagic or hemophilic pur- 
pura, where the cutaneous ecchymoses are 
quite overshadowed by hemorrhages from 
the mucosse and particularly epistaxis, and 
the peripheral blood contains many imma- 
ture elements and basophil multinuclears; 
of hemoglobinuric purpura, in which, be- 
sides petechiie and ecchymoses and epis- 
taxis and bleeding from the gums, hemo- 
globinuria was a conspicuous symptom 
only 4 days after the initial paroxysm of 
a primary infection; and of pernicious sub- 
icteric anemia, where Mthin 23 days of 
the initial (and probably primary) infec- 
tion, extreme^ severe epistaxis, concur- 
rent with ecchjunoses and petechias, were 
prominent symptoms of a progressive 
anemia that ended fatally within a month.” 

Christin® reported a case of purpura 


involving both skin and mucous mem- 
branes occurring in a clironic malarious 
subject who had marked anemia and 
leukopenia. Lorando, Chaniotis and Cho- 
reftis® recorded a case of tertian malaria 
in which each febrile attack was followed 
by an urticarial eruption accompanied by 
the appearance of purpuric patches. Mic- 
kaniewski and Hai® described 5 cases of 
purpura in Indo-China occurring in 3 
young men, a woman, and a girl of 15, 
all of whom ivere suffering from chronic 
subtertian malaria of several years stand- 
ing. None of them had taken quinine. 

Purpura occurring as a result of the use 
of antimalarial agents, particularly quin- 
ine, has also been recorded. Thus, Deeks'' 
referred to hemorrhages into the mucous 
membranes and extensive purpura as a 
complication of malaria treated with 
quinine. Vialatte and RemonteP'^ re- 
ported a case of purpura due to quinine 
used as a suppressive antimalarial agent. 
Regendanz‘“ noted the occurrence of pete- 
chice when quinine was used for malaria 
prophylaxis in troops. Barnes* observed 
purpura in a Chinaman treated with 
quinine. Maritschek and Markowicz^ re- 
ported a case of recurring purpura due to 
quinine. Manson-Bahr,® Quick,** Chris- 
tian,® Sotlmann,*®andSolis-Cohen,** among 
other authorities, have commented upon 
the fact that quinine therapy may result 
in purpuric manifestations. Nocht and 
Mayer® stated: “It is not yet knoum for 
certain to what extent hypersensitivity to 
quinine and in particular the hemorrhagic 
diathesis frequently occurring after quin- 
ine is due to concurrent malaria infection. 
But it seems as if in some cases the ten- 
dency to hemorrhage after the administra- 
tion of quinine can be induced by malaria 
alone without a premous misuse of quinine 
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being in any way responsible. On the 
other hand, severe, even fatal, hemor- 
rhages after quinine have been observed 
for which malaria was in no way respon- 
sible.” 

Data. The records of 10,000 consecutive 
cases of malaria in Gorgas Hospital were 
checked for hemorrhagic complications. Of 
these 10,000 patients, 6000 were treated 
with quinine, 2500 with atabrine. Ten pa- 
tients (6.1% of the total) showed evidence 
of purpura. In only 1 instance (Case A) 
(0.01 % of 10,000 cases) was purpura present 
before treatment. In the other 9 cases pur- 
pura occurred after treatment with quinine. 
The incidence of purpura in individuals 
treated with quinine, used alone or with 
atabrine, was 9 in 7500 (0.12%). There was 
not a single instance of purpura in a patient 
given atabrine alone. 

In 9 cases the purpura occurred from 1 
to 8 days following the onset of clinical 
symptoms of malaria. In each instance, 
however, the purpura followed the institu- 
tion of quinine therapy. Six of these pa- 
tients had been treated for malaria with 
quinine prior to the current infection or 
had been on “suppressive” or “prophylac- 
tic” quinine therapy. Of these, 1 (Case J), 
who had previously been on suppressive 
quinine therapy without sj'^mptoms, devel- 
oped subconjunctival hemorrhages when 
treated with quinine for his first attack of 
malaria in March 1942. In April 1942, he 
had his second attack of malaria, which 
was treated with atabrine without the de- 
velopment of hemorrhagic manifestations. 
At the onset of the last attack of malaria, 
on May 20, 1942, the patient took 0.67 gm. 
of quinine and noted ringing in his ears and 
dizziness. On admission to the hospital, 
May 24, 1942, bilateral conjunctival hemor- 
rhages were noted. The other 5 patients 
had no history of prewous purpuric mani- 
festations. 

^Yith but 1 exception, all of the patients 
were young, adult, white males who were 
menrbers of the U. S. Army. The 1 excep- 
tion was a middle-aged, white American 
male (Case 1). In no instance was any 
history of an allergic background elicited 
on the part of a patient or a patient's family. 

The clinical and laboratory data of the 
9 patients (Cases B and J) who developed 
purpura after rccei^^ng quinine are sum- 


marized in Table 1. The determination of 
the severity of the illness was based upon 
the clinical course of the primar}^ illness, 
namely malaria, and the severity and extent 
of the purpura. In 1 patient (Case E) there 
was the complication of oliguria. Terminal 
pulmonary edema was present in both 
patients who died. 

The treatment of the 9 patients was 
essentially similar. In all, quinine was dis- 
continued and atabrine substituted. Six- 
received infusions of saline and glucose; 3, 
whole blood transfusions; and 1, blood 
plasma. Oxygen was administered to 3 and 
“alkalinization” was attempted in 3. Anti- 
hemorrhagic agents such as calcimn gluco- 
nate and vitamin K were employed in the 
treatment of 2 patients. 

Illustrative Case Reports. Case A. A 
33 year old, white soldier was admitted com- 
plaining of dull headache, weakness, gener- 
alized body aches, bloody vomitus, and diar- 
rhea of 4 days’ duration. The temperature 
was 104.2° F., pulse was rapid, weak, and 
thready (rate about 200 per minute), blood 
pressure was 95 mm. of mercury systolic 
and 65 mm. of mercury diastolic. Subcon- 
junctival hemorrhage, icteric tinge to scleras, 
herpes labialis, small hemorrhagic areas 
scattered throughout the buccal mucous 
membrane and soft palate, pharyngitis, 
palpable tender spleen, and a palpable ten- 
der liver were noted on physical examina- 
tion. The bleeding time was 3 minutes; the 
coagulation time, 31 minutes. Plasrnodiwn 
falciparum was found in the blood film. 
The patient was placed upon quinine therapy 
despite the presence of purpura and was 
given supportive treatment. In all, he re- 
ceived 34 gm. of quinine in a 16 da}' period, 
and his response to the therapy was excel- 
lent. He improved markedly within 24 hours 
and all evidences of malaria and of the pur- 
pura disappeared within o days of the 
beginning of therapy. This, then, is an 
example of purpura occurring apparently 
as a part of the malarial picture before any 
antimalarial drug was given and responding 
excellently to quinine therapy. 

Case F. A 31 year old, white Army 
officer was admitted complaining of chills, 
fever, general malaise, slight cough, weak- 
ness, and headache of 2 days’ duration. The 
patient had a temperature of 104.4° F., hot, 
dr}' skin, conjunctmtis, injected phar}mx, 
tachycardia, and a palpable spleen. The 
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laboratory findings were as follows: leuko- 
cytes, 13,450 per c.nana. of blood; erythro- 
cytes, 3,700,000 per c.nun. of blood; hemo- 
globin, 80%; blood film positive for P. falci- 
parum. Quinine therapy was instituted, the 
patient receiving 2 gm. orally at 1 a.m., 

1 gm. at 7 A.M., and 1 gm. at 1 p.m. At 
3:45 P.M,, 14f hours after the institution 
of the quinine therapy, the patient vomited 

2 ounces of bloody material, passed urine 
containing erythrocytes, and a macular rash 
appeared over the entire body; areas of 
“redness” were noted on the right cheek. 
He also had a shaking chill, tinnitus aurium, 
and deafness. The platelet count at this 
time was 212,000 per c.mm. of blood. Quin- 
ine was discontinued and the patient was 
placed upon atabrine therapy, the hemor- 
rhagic manifestations ceasing in 1 day and 
all sjunptoms clearing up -within 4 days. 
This is a case of non-thrombocytopenic 
purpura occurring in a patient with malaria 
following the institution of quinine therapy. 

Case C. A 22 year old, white soldier was 
admitted on Jan. 4, 1943, with fever, chills, 
headache, dyspnea on exertion, abdominal 
cramps, and loss of appetite. He also com- 
plained of a dry, hacking cough and night 
sweats of 3 months duration. In June 1942, 
while the patient was stationed at a jungle 
position, he had symptoms of malaria and 
treated himself with quinine, taking 3 gm. 
dally for 7 days without any untoward ef- 
fects. The patient had 2 attacks of malaria 
diagnosed by blood film examination in Sep- 
tember and in November 1942. From 
Dec. 14, 1942, to Jan. 2, 1943, the patient 
took 0.6 gm. of quinine dailj’- without any 
signs of sensitivity. On Jan. 3, 1943, he 
took 2.6 gm. of quinine in a single dose 
because he believed that his symptoms were 
due to malaria. On Jan. 4, 1943, when the 
patient entered the hospital, petechiae were 
found scattered in the skin over the malleoli 
and anterior aspects of both lower extremi- 
ties, the thorax, and the upper extremities. 
The tonsillar pillars and pharjmx were in- 
jected and the postcervical Ijunph nodes 
were enlarged. There were coarse rales in 
the apices of both lungs, epigastric tender- 
ness, and the spleen was palpable. Roentgen 
ray examination of the chest was negative. 
P. vivax was found in the blood film. At the 
time of admission his platelet count was 

24.000 i)er c.mm, of blood; er 3 Throcvtes, 

4.650.000 per c.um\. of blood; and leuko- 


cytes, 7600 per c.mm. of blood, with a nor- 
naal differential. The bleeding and coagula- 
tion times were normal. Quinine was dis- 
continued, a course of atabrine treatment 
was instituted; 2 days after completion of 
atabrine therapy a course of plasmochin was 
started. The petechise had faded by the 
3rd day of atabrine treatment. At the end 
of the week, the platelet count was 213,000 
per c.mm. of blood and the patient made an 
uneventful recovery. This is a case of throm- 
bocytopenic purpura secondary to the use 
of quinine in the treatment of malaria. 

Case E. A white soldier, age 22, was 
admitted on Jan. 29, 1942, with the chief 
complaints of muscular aching, malaise, 
frontal headache, shaking chill, fever, and 
repeated vomiting. In September 1942, the 
patient had been admitted to the hospital 
with a fever of undetermined origin which 
responded quickly to quinine therapy. Just 
1 week prior to the terminal admission the 
patient had been. discharged from the hospi- 
tal after being treated for estivo-autumnal 
malaria. On his third and final admission 
the scleras were slightly icteric, the pharynx 
showed a diffuse hyperemia, and the spleen 
was palpable. No plasmodia were found on 
examination of the blood during this admis- 
sion. He was given 2 gm. of quinine at mid- 
night. The following day the patient passed 
bloody urine, vomited blood, and had tarry 
stools. His red cell count dropped to 

2,950,000 per c.mm. of blood, hemoglobin 
to 50% (Sahli method). The white cell 
count rose to 19,000 per c.mm. of blood, with 
a differential of 80% polymorphonuclears 
and 20% Ij’-mphocytes. The platelet count 
was 49,000 per c.mm. of blood. A tourni- 
quet test applied to the arm was negative. 
Quinine was discontinued, the patient was 
placed on atabrine routine, given infusions 
of saline with 10% glucose, 3 blood transfu- 
sions, and oxygen therapy. By the 6th day 
of his illness he developed severe oliguria, 
marked puhnonarj' edema, and expectorated 
bloodj' sputum. The patient died on Feb. 3, 
1942. Autops}’- revealed pulmonarj’- edema, 
hemorrhagic nephritis, and perirenal hemor- 
rhage. This is a case of thromboc 3 ’-topenia 
with hemorrhage into the gastro-intestinal 
and m-inar}' tracts following the use of 
quinine. 

Comment. Although only 0.1 % of the 
cases of malaria treated at Gorgas Hospi- 
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tal manifested hemorrhagic tendencies, 
these were of grave import, necessitating 
the placing of 4 of the 10 patients ndth 
purpura on the seriously ill list. 

That this condition may be an allergic 
manifestation and not a simple toxic one 
is suggested by the fact that one-half of 
the patients who developed purpuric mani- 
festations had received quinine p^e^dously 
without developing any untoward symp- 
toms, the wide variations in the amount 
of quinine taken before the development 
of purpura, and the fact that the hemor- 
rhagic picture in the patient who had not 
been treated and in those who were treated 
with quinine was similar. 

Tuft*® stated: “Drug allergy or idio- 
syncrasy refers to a condition of hyper- 
sensitiveness or allergy in which the 
administration of a medicinal substance 
in a quantity non-toxic. for the average 
individual is followed by an unusual but 
characteristic reaction. This tj^pe of 
reaction is distinguished from that due to 
the toxic action of the drug by the fact 
that the latter produces symptoms which 
are an exaggeration of its physiologic 
action.” The total amount of quinine 
which the patients received before devel- 
oping purpura was never more than 5 gm. 
in divided doses and most times less. 
Thousands of patients took more quinine 
without developing purpura. This pur- 
pura, then, w'as not due simply to the 
toxic effect of quinine. Vaughan’® stated 
that symptoms of drug allergy “may fol- 
low' the first recognized or traceable con- 
tact with the drug. Usually there is his- 
tory of previous administration of longer 
or shorter duration, often with an inter- 
vening period without the drug.” This 
fits in very well with the history of our 
patients, many of w'hom received quinine 
over a prolonged period of time before 
the onset of purpura. 

For these reasons it appears that pur- 
puras arising in patients treated with 
quinine are expressions of allergy. The 
fact that in the absence of malaria some 
of the patients took quinine without any 
reaction, but developed the hemorrhages 


in the presence of malaria, may indicate 
that malaria itself can act as a sensitizing 
agent for the production of an allergy to 
quinine. Indeed, the appearance of pur- 
pura in cases of malaria in the absence oi 
any antimalarial drug suggests that the 
plasmodium or its toxins may be capable 
of acting as an allergin. Conversely, it is 
conceivable that quinine may act as a 
sensitizer to the malaria allergin w’hich 
may produce purpura. These are mere 
speculations w'hich await investigation. 

The occurrence of purpura in white 
Americans only in Gorgas Hospital, where 
a large proportion of the patients with 
malaria are native Panamanians and 
British West Indian Negroes, is puzzling. 
While some of the skin manifestations 
might have been overlooked in these 
groups of patients, certainly the severe 
rdsceral manifestations could not have 
escaped notice. Part of the answ'er may 
be that these native groups have not 
been exposed to the evil of sensitization 
by repeated dosage wdth quinine used in a 
so-called “suppressive” or “prophylactic” 
manner. It is the impression of some 
members of the hospital staff that allergic 
manifestations as a W’hole are less frequent 
in the native population groups than in 
the Americans. 

Although quinine may be instrumental 
in causing a hemorrhagic diathesis, it may 
be given in untreated malaria complicated 
by purpura with good results, but by far 
the wiser course would be to use atabrine 
which, in over 2500 cases of malaria, was 
not associated with purpura. 

The 2 deaths bring out an important 
point. Persons sensitive to antimalarial 
drugs run an additional hazard of death 
in malarious districts. It is the policy of 
the Medical Examining Board of Gorgas 
Hospital to declare such individuals unfit 
for tropical duty. 

Summary. 1. In 10,000 consecutive 
cases of malaria treated at Gorgas Hospi- 
tal there were 10 cases (0.1%) compli- 
cated by purpura. There was 1 case of 
purpura in a patient wdth untreated 
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malaria, but in 9 cases the purpura fol- 
lowed the use of quinine. 

2. The incidence of purpura in cases 
treated with quinine was 9:7500 (0.12%). 

3. There were no instances of purpura 
following the use of atabrine in over 2500 
cases of malaria. 

4. Purpura occurred as frequently in 
cases of tertian malaria as in estivo- 
autumnal malaria. 

5. The purpuras were evenly divided be- 
tween thrombocytopenic and non-throm- 
bocytopenic varieties. 

6. The regions of the body affected were 
the gastro-intestinal tract, genito-urinary 
tract, skin, conjunctiva, and respiratory 
tract, in that order. 

7. The withdrawal of quinine was of 
value in those cases in Avhich the purpura 
was due to quinine, but in the patient 
without previous antimalarial therapy 
quinine was used successfully despite the 
presence of purpura. 


8. Other measures used in the treat- 
ment of malaria patients with purpura 
were the institution of an atabrine routine, 
intravenous infusions of saline and glucose, 
blood transfusions, plasma transfusions, 
alkalinization of tlie patients, oxj'-gen 
therapy, and the use of calcium gluconate 
and vitamin K. 

9. The purpuric manifestations per- 
sisted for from 1 to 5 days after the insti- 
tution of measures to control them. The 
complication was a serious one, necessitat- 
ing the placing of 40% of the affected 
patients on the seriously ill list. Two 
patients died. 

10. All patients affected were white 
American males, mostly belonging to the 
younger age group. No purpura occurred 
in the native population which made up 
a large number of the malarial patients. 

11. We suggest that purpura due to 
quinine may be an allergic phenomenon 
and not simply a toxic manifestation. 


REFERENCES 

1. Barnes, M. E.: J. Trop. Med., 25, 246, 1922; Abstract, Trop. Dis. Bull., 20, 846, 1923. 

2. Christian, H. A.: 0.\ford Medicine, New York, Oxford Univ. Press, 2 (3), 793, 1933. 

3. Christin, E, F.: Rev. de mdd. et d’hyg. tr6p., 10, 208, 1913; Abstract, Trop. Dis. Bull., 3, 436, 
1914. 

4. Deekb, W. E.: South. Mod. J., 9, 420, 1916; Abstract, Trop. Dis. Bull., 8, 38, 1916. 

5. Lorando, N., Chaniotis, N., and Choreftis, P.; Bull. Soc. path, exot., 31, 290, 1938; Abstract, 
Trop. Dis. Bull., 36, 728, 1938. 

6. Manbon-Bahr, P. H,; Manson’s Tropical Diseases, 11 ed., Baltimore, Williams & Wilkins, 
p. Ill, 1941. 

7. Maritschek, M., and Markowicz, H.: Monatschr. f. Ohrenh,, 67, 410, 1933. 

8. Mickaniewski and Hai: Bull. Soc. med.-chir. de ITndochine, 12, 06, 1934; Abstract, Trop. 
Dis. Bull., 31, 690, 1934. 

9. Nocht, B., and Mayer, M.; Malaria, London, John Bale, p. 41, 1937. 

10. Paisseau, G., and Lemaire, H.; Bull, et m^m. Soc. mdd. d. hop. de Paris, 32, 1672, 1916; 
Abstract, Trop. Dis. Bull., 9, 303, 1917. 

11. Quick, A. J.: The Hemorrhagic Diseases and the Physiology of Hemostasis, Baltimore, Charles 
C Thomas, p. 154, 1942. 

12. Regendanz, P.: Arch. f. Schiffs- u. Tropen- Hyg., 21, 306, 1917; Abstract, Trop. Dis. Bull., 
12, 350, 1918. 

13. SolumaNN, T.: A Manual of Pharmacology, 5th ed., Phila., Saunders, p. 508, 1930. 

14. SoLis-ConEN, S., and Githens, T. S.; Pharmaco-tliernpeutics, Now York, Appleton, p. 894, 1928. 

15. Tuft, L.; Clinical Allergy, Pliila., Saunders, p. 149, 1938. 

10. Vaughan, W. T.; Practice of Allergy, p. 812, St. Louis, Mosby, 1939. 

17. ViAUATTE, E. F. G.. and Remontet, J. E.; Arch, de m6d. et pharm. mil., 91, 345. 1929- Ab- 
stract, Trop. Dis. Bull., 27, 573, 1930. 



60 


WARTMAN, SHLIMOVm; BLOOD PROTEIN TYROSINE REACTION 


THE BLOOD PROTEIN TYROSINE REACTION IN MALARIA, ACUTE 
EPIDEMIC HEPATITIS, AND CERTAIN OTHER DISEASES 

By Lt. Col. William B. Wartjun,* M.C., A.U.S. 

AND 

Capt. Nathan Shlimovitz, M.C., A.U.S. 

(From the Laboratory Serince of the Fourth General Hospital) 


In the past, several seroflocculation tests 
have been described for the diagnosis of 
malaria.^ Such tests, if proved reliable, 
would be a useful diagnostic aid, particu- 
larly in patients who have clinical evi- 
dences of malaria, but repeatedly nega- 
tive thick blood films. One of the most 
easily performed of the seroflocculation 
tests is the protein tyrosine reaction de- 
scribed by Proske and Watson® in 1939. 
The purpose of this investigation was to 
evaluate the blood protein tyrosine reac- 
tion in the diagnosis of malaria and cer- 
tain other diseases, including acute epi- 
demic hepatitis (acute infectious hepatitis, 
acute catarrhal jaundice, acute infectious 
jaundice, etc.). 

Proske and Watson have re^dewed the 
literature on seroflocculation tests in 
malaria and other diseases, and the reader 
is referred to their article for details. 
Although differences of opinion exist con- 
cerning the significance of these tests, and 
various theories have been advanced to 
explain the mechanism of abnormal floccu- 
lation, available evidence indicates that a 
positive reaction may occur in any disease 
in which there is a disturbance of serum 
globulin. Proske and Watson reported 
that the protein tjTosine test was elevated 
in patients with malaria. In normal per- 
sons the protein tjnosine test varied be- 
tween 50 and 80 (arbitrary units), whereas 
in patients with malaria the range was 
105 to 280 or higher. They found blood 
protein tjTosine elevated in 97 % of cases 
of clinical malaria, whereas positive thick 
blood smears were obtained in only 82% 
of the same cases. A rise in blood pro- 
tein tyrosine before the appearance of 


clinical symptoms in 1 patient indicated 
that the test might be useful in predicting 
a relapse of malaria. 

Technique. According to Proske and 
Watson, the protein tyrosine reaction is 
based on the fact that “proteins possess .a 
chromogenic property which can be meas- 
ured quantitatively against the color pro- 
duced by pure tyrosine in the presence of a 
phenol reagent. This chromogenic value is 
constant for a given protein and the inten- 
sity of the color produced can be used as a 
measure of the amount of the protein exam- 
ined.” The color is developed by means of 
a phenol molybdate-tungstate reagent, which 
presumably reacts vith the phenol group of 
tyrosine in the protein. The precipitated 
protein is thought to be euglobulin. We 
have used the method described by Proske 
and Watson. 

Reagents. 1. Sodium sulfate solution 
(14%): dissolve 70 gm. of c.p. anhydrous 
sodium sulfate in 300 ml. of freshly distilled 
water and make up to 500 ml, at 37° C. 
This solution is stored in an incubator at 
37° C. and keeps indefinitely. 

2. Sodium hydroxide solution (5 N) : di- 
lute saturated, carbonate-free sodium hy- 
droxide solution to 20% with distilled water. 

3. TjTosine standard solution: dissolve 
200 mg. of tjTOsine (Pfanstiehl) in 1000 ml. 
of 0.1 N hydrochloric acid, which makes a 
solution containing 1 mg. of tyrosine per 
5 ml. of 0.1 N hydrochloric acid. This 
stock solution is kept in a refrigerator. 

4. Phenol reagent of Folin and Ciocalteu:- 
into a 1500 ml. Florence flask introduce 
100 gm. of sodium tungstate (Na 3 W 04 . 2 H 30 ) 
25 gm. of sodium motybdate (Na3Mo0.4 
H-O), 700 ml. of distilled water, SO ml. of 
85% phosphoric acid (H3P04) and 100 ml. 
of concentrated hydrochloric acid. Reflux 
gently for 10 hours. Add 150 gm. of lithium 


* On temporary leave of absence from the Institute of Pathology, Western Reserve Univcrsitj, 
Cleveland, Ohio, but now returned to that address. 
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sulfate (Li2S04), 50 ml. of distilled water 
and a few drops of bromine water. Boil 
the mixture for 15 minutes without the 
condenser to remove excess bromine. Cool, 
dilute to 1000 ml., and filter. Freshly pre- 
pared reagent should have no greenish tinge, 
but, if this develops with age, the solution 
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the tube, and place in an incubator at 
37° C. for at least 3 hours. As a matter of 
convenience the mixture may be left in the 
incubator overnight. At the end of incuba- 
tion centrifuge the mixture at about 1500 
r,p.m. for 10 minutes. Completely remove 
the supernatant fluid with a pipette and 



Blood. Protein Tyrosine Values 


Chaht 1.— Comparison of blood protein tyrosine of malaria patients vn'th normal indinduals. The 
2 broken vertical lines show the normal variation of the tost. Although the average value for patients 
with malaria was increased, nevertheless 40% of the values were in the normal range. 

can be made usable by addition of a few wash the precipitate twice with fresh sodium 
drops of bromine water, boiling for a few sulfate solution by centrifugation. Dissolve 
minutes to remove excess bromine, and the washed precipflate in 1.75 mi. of distilled 
stopping when the solution is golden yellow, water and add 0.1 ml. of 5 N sodium hj'- 
Procedure. IMeasure 3 ml. of 14% sodium droxide. 
sulfate solution into a small test-tube and The standard is prepared by placing 2 ml. 
add 0.1 ml. of unheated, clear, non-hem- of tyrosine solution, 5 ml. of distilled water 
olyzed serum. Mix by inversion, stopper and 1 ml. of 5 N sodium hydroxide in a 
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20 ml. graduated tube. Heat unknoTvn and 
standard in boiling water for 10 minutes 
and allow to cool. Add to the unknown 
0.15 ml.j and to the standard 1.5 ml. of 
phenol reagent, and make up the standard 
to the 20 ml, mark uith distilled water. 
The unknown may be compared -anth the 
standard in a colorimeter or uith a series of 
substandards prepared by diluting the 
standard -Kuth suitable amounts of distilled 
water. 

Table 1. — Values Obtained 
Time 
interval 

1st 2 weeks 
2nd 2 weeks 
3rd 2 weeks 
Last 2 months 


who were being treated in the fever 
cabinet. No change was observed during 
fever therapy, but 1 patient became 
slightly jaundiced (icterus index 15) 4 days 
later, and protein tjTOsine rose from S3 
to 108, returning to normal after 7 days. 

Malaria. Protein tyrosine determina- 
tions were made on 110 patients with 
clinical etddences of Plasmodium virax 
malaria (benign tertian) and positive 


AT Various Tlve Intervals 
No. Mean protein tyrosine (arbitrary units) 

cases with the standard error 

58 125 =i= 4 99 

22 113=t= 3 86 

25 90± 2.70 

27 64 ± 3 27 


The results were expressed in arbitrary- 
units, rather than in mg. because the test 
measures a protein fraction or fractions, 
the exact nature of which is unknown; 
namely, the fraction precipitated by 14% 
sodium sulfate solution. The results have 
been calculated according to the following 

formula: ^ == protein tyro- 

sine. This procedure is sufficient for clinical 
purposes, where interest is in a de-viation 
from normal and not necessarily in absolute 
values. 

Results. In order to determine normal 
variations of the test 60 determinations 
of blood protein tyrosine were made on 
33 healthy young men, 20 to 35 years of 
age (Chart 1). The average blood protein 
tjTOsine value was 70. Because values 
varied from 50 to 100, these limits were 
chosen as the normal range, and any test 
above 100 was considered abnormal. 
Duplicate tests on the same sample of 
serum checked within 5 %, although tests 
done on the same person sometimes var- 
ied as much as 20 units on different days, 
but always -within norma! limits. Deter- 
minations were made before and after 
meals, at various times during the day, 
after exercise, and follo-u-ing e.xposure to 
cold, but these procedures had no effect 
upon the test. In order to study the 
effect of elevation of temperature on the 
test, determinations were made on 2 pa- 
tients with chronic gonococcal urethritis. 


blood smears. No cases with P. falci- 
parum or P. 772alariss infections were stud- 
ied. All patients were jmung, wliite men 
18 to 30 years old, who previous to mili- 
tary’^ sendee in the tropics were in e,xcel- 
lent health and had not had malaria. 
During the course of their duties they 
were in a highly malarious district under 
combat conditions for a period of about 
4 months before they- were evacuated to 
a temperate region in which there was no 
malaria. The first cases of malaria oc- 
curred at the end of 2 weeks in the tropics, 
and the peak incidpee was reached at 
the end of 3 months, after which the dis- 
ease persisted for as long as the troops 
remained in that area. They’ were treated 
vdth quinine and atabrine upon appear- 
ance of symptoms, and after the first few 
-weeks most of them received suppressive 
treatment consisting of atabrine 0.1 gm., 
tvdee a day’ every’ 3rd day’. In most 
cases suppressive treatment was stopped 
soon after evacuation. Protein tyrosine 
determinations were started 3 months 
after the patients had moved to a tem- 
perate climate. As soon as plasmodia 
-were discovered in thick blood films, blood 
was drawn for the first protein tyuosine 
determination; other determinations were 
made at intervals of 1 week. Three 
determinations were made in most cases. 

Chart 1 shows the results which are 
plotted -with the control series for purposes 
of comparison. The average -v’alue was 
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125, which is definitely abnormal, but a Malarial Relapse. The relapse rate 
studj’" of the distribution of the readings during the period of investigation was 
showed that 40% of them were in the 35%. That is to say, of the 110 patients, 
normal range. This means that a sig- 38 returned to the hospital within 3 months 
nificant proportion of patients who were with signs of clinical malaria and posi- 
tested when malaria parasites were de- tive blood smears. This fact raised the 
monstrable in the blood stream had a question of the value of the test in pre- 
negative tyrosine reaction. dieting relapse. Did patients with an 



10 2,0 30 40 S’O 60 70 80 90 100 

J)Bys Before E.elap£r<s 


Ghaut 2.— Scatter diagram of the blood protein tyrosine of 110 patients on their first hospital admis- 
sion, and the mttnbcr of days elapsing before roadmission to hospital because of a relapse. There is no 
higiiificant association betivoon the 2 sets of observations. 

Comparison of results obtained early increased blood protein tjnosine relapse 
in the investigation with tliose obtained sooner than patients with normal values? 
later (Table 1) showed that the protein Was there a tell-tale increase just before 
tyrosine reaction gradually returned to a relapse? 

normal in most patients. In the first Chart 2 gives the answer to the first 
G wcclvs there was a gradual fall in the part of the question. This chart is a 
mean value from 125 to 64, at which scatter diagram of admission protein tyro- 
Icvcl the tests remained stationary during sine readings and the number of davs 
tlie rest of the experimental period; a elapsing -before readmission to hospital 
matter of 3 months. because of a relapse. These readings are 
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obviously so widely scattered that there 
is no significant association between the 
2 sets of observations. The correlation 
coefficient for the data is —0.02, which 
indicates a lack of correlation because it 
approaches closely to zero. In other 
words, admission blood protein tyrosine 
values, whether high or low, were not 
useful in predicting relapse. 

In answer to the second part of the 
question it may be said that only 8 pa- 
tients (22.8%) of those readmitted for 
relapse had an increased blood protein 
tyrosine. The other patients had normal 
values on readmission. Thus it must be 
concluded that the blood protein tyrosine 
reaction is not helpful in predicting mal- 
arial relapses. 

Acuie Epidemic Hepatitis. A question 
arose, during the course of this work, as 
to the behavior of the protein tyrosine 
reaction in diseases other than malaria. 
Of the diseases which were studied, the 
only one in which the protein tyrosine 
content of blood was frequently elevated 
was acute epidemic hepatitis. Twenty- 
seven patients were examined in whom 
the diagnosis of acute epidemic hepatitis 
had been made on the basis of clinical 
findings plus an increased icterus index 
(Table 2). In 11 cases cephalin floccula- 
tion tests were also done, but no attempt 
was made to investigate liver function in 
detail. All were young adult soldiers, 18 
to 30 years old. The causative agent of 
the disease in this group of patients was 
not discovered. 

Readings were made at weekly intervals, 
but some of them have been omitted in 
order to shorten the table (Table 2). 
Enough have been included, however, to 
show the behavior of the protein tjTosine 
and icterus index in each case. 

Elevation of blood protein tyrosine oc- 
curred sometime during the disease in all 
except 2 patients (Cases 9 and 12), 1 of 
whom had a 1-}-, and the other a 3H- 
cephalin flocculation test. There is no 
apparent explanation for these 2 cases. 

Whenever the protein tjTOsine was over 
100 the cephalin flocculation reaction, in 


all cases tested, was 4-f . ISvo and 3+ 
cephalin flocculation tests were seen in 
cases with normal protein tyrosine values, 
and also in a few apparently healthy 
individuals. 

Miscellaneous Diseases. Blood protein 
tjTrosine was determined in a variety of 
diseases (Table 3), in most of which the 
protein tyrosine was not increased. How- 
ever, an elevation of protein tyrosine oc- 
curred in 2 cases of enteric fever, and 1 
each of lobar pneumonia, meningococcic 
meningitis, and acute infectious mono- 
nucleosis. With the exception of the case 
of lobar pneumonia, which showed a per- 
sistent and marked elevation, the increase 
in protein tynosine was transient and 
moderate. ^Tether or not this increase 
was significant can only be determined by 
further study. 

The patients with chronic calculous 
cholecystitis (pathologic diagnoses) were 
slightly jaundiced, but at operation no 
stones were found in either common or 
hepatic bile ducts. 

Discussion. As stated earlier, the 
original purpose of this investigation was 
to determine the usefulness of the blood 
protein tyrosine reaction in the diagnosis 
of malaria. The results show that the 
test was not of diagnostic value in the 
particular group of patients studied, and 
under the experimental conditions which 
prevailed. This is clearly indicated by 
the fact that many patients had a normal 
blood protein tjwosine level at the same 
time that large numbers of plasmodia 
could be easily demonstrated in peripheral 
blood. It was also impossible to predict a 
relapse by means of the test. 

Although these findings seem to con- 
flict with those of Proske and Watson, the 
discrepancy is probably not as great as 
might appear at first sight. It is impor- 
tant to note that the 2 investigations 
were carried out on 2 different groups of 
patients and under different circumstances. 
Proske and Watson tested patients who 
lived in an endemic area and probably 
suffered from chronic malaria. In con- 
trast, our patients had relatively acute 
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Table 3.— Miscellaneous Diseases 
Protein 





tyrosine 


Case 

Diagnosis 

Date, 

1943 

(arbitrary 

units) 

Remarks 

1 

Chronic calculus cholecystitis 

July 21 

76 

Icterus index 21; cephalin flocculation 





negative; bile ducts and liver normal 
at operation 

2 

Chronic calculus cholecystitis 

July 22 

75 

Bile ducts and liver normal at operation 

3 

Chronic calculus cholecystitis 

May 7 

70 

Bile ducts and liver normal at operation 

4 

Fever therapy for chronic gonorrhea 

June 17 

72 

Before fever therapy 




76 

After fever therapj' 



June 23 

90 

5 

Fever therapy for chronic gonorrhea 

June 17 

83 

Before fever therapy 




90 

After fever therapy* 



June 22 

108 

patient jaundiced, icterus index 15 



July 1 

83 

Jaundice disappeared 

6 

Lobar pneumonia 

May 7 

135 

First reading obtained 4 daj's after crhis 


(Type I pneumococcus) 

May 13 

157 



May 17 

61 


7 

Bronchopneumonia 

May 8 

91 

** Atypical pneumonia" 



May 17 

69 

8 

Enteric fever 

May 8 

85 

Mild case; blood culture, B. typhosus 



May 17 

125 



May 24 

69 


9 

Enteric fever 

May 8 

67 

Mild case; blood culture, B. typhosus 



May 14 

81 



May 21 

107 




ilay 24 

55 


10 

Enteric fever 

May 8 

76 

Mild case; blood culture, R. typhosus 



May 10 

76 

11 

Enteric fever 

May 0 

117 

Mild case; blood culture, R. paratypho- 



May 17 

84 

sis A 

12 

Meningococcic meningitis 

May 8 

81 




May 10 

99 




May 17 

87 




May 27 

81 


13 

Meningococcic meningitis 

May 22 

70 




May 27 

56 




May 31 

82 


14 

Meningococcic meningitis 

July 5 

102 




July 12 

94 


13 

Infiuenza 

May 17 

98 

Clinical diagnosis 

16 

Dengue fever 

. . . 

60 

Clinical diagnosis 

17 

Acute pharj'ngitis 

May 13 

72 

Strep, pyogenes and Neisseria ca/arrAa/is 

IS 

Acute tonsillitis 

May 20 

84 

Alpha hemolytic streptococcus 

19 

Scrub typhus fever 

June 16 

73 

Convalescent 


June 23 

96 


20 

Acute infectious mononucleosis 

May 17 

85 

Heterophil agglutination 1:1280 

21 

Acute infectious mononucleosis 

May 17 

121 

Heterophil agglutination 1 : 1280 


May 24 

83 


22 

Acute infectious mononucleosis 

May 14 

62 

Heterophil agglutination 1:1280 


May 22 

85 


23 

Acute infectious mononucleosis 

May 24 

SO 

Heterophil agglutination 1:1280 

May 27 

72 


24 

L 3 'mphogranuloma venereum 

May 21 

57 

Virus isolated in eggs 


June 5 

51 


25 

Hookworm 

May 7 

S3 

Heavj’ infection 

26 

Hookw'orm 

May 29 

51 

Moderate infection 

27 

Ascaris and whipworm 

May 23 

62 

Moderate infection 

28 

Polj'cythemia vera 

June 24 

95 


June 28 

57 




July 3 

91 
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malaria and were studied in a temperate, 
non-malarious region. Proske and Wat- 
son’s subjects were exposed to reinfection 
while ours were not, since they were 
tested at least 3 months after their last 
possible exposure to infected mosquitoes. 
In the early part of the investigation, the 
blood protein tyrosine was high in many 
of our patients and it is possible that, if 
they had been studied immediately after 
leaving the malarious district, the eleva- 
tion would have been higher and present 
in many more cases. The natural ten- 
dency of protein tyrosine to return to nor- 
mal levels, which has been demonstrated 
in this paper, may well have been more 
obvious in our patients than in those that 
Proske and Watson studied. 

It is apparent then that the seeming 
disparity of the 2 sets of observations 
may in reality indicate an important 
feature of malaria. If the blood protein 
tyrosine is increased in patients studied 
in endemic areas who are subject to rein- 
fection, and not in patients who have been 
removed from such areas, then some 
alteration in blood proteins has occurred, 
the nature of which is as yet unknown. 
Comparable observations have been re- 
ported by Kopp and Solomon,^ who found 


that in therapeutic malaria there is a 
transient impairment of liver function 
which disappears within 3 to 6 weeks 
after termination of malaria. 

The observations in acute epidemic 
hepatitis suggest that determination of 
blood protein tyrosine may be a helpful 
laboratory procedure in the study of this 
disease. Presumably the test should be 
of help in studying other disorders of the 
liver and biliary tract, but unfortunately 
such a study was not possible because of 
lack of suitable clinical material in this 
hospital. 

Summary. 1, Blood protein tyrosine 
(euglobulin) level was studied in patients 
with relatively acute malaria (P. vivaz) 
3 months after they had left the malarious 
district. 

2. In these patients, and under the con- 
dition of the study the test was of limited 
diagnostic value, because 40% of those 
with positive blood films had a normal 
blood protein tyrosine. It was not of 
value in predicting relapses. 

3. Elevated readings in patients with 
malaria returned to normal within a few 
months. 

4. Blood protein tjT'osine was elevated 
in many cases of acute epidemic hepatitis. 
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THE URINARY EXCRETION OF METHIONINE IN LIVER DISORDER 
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(From the Thorndike Memorial Laboratory, Second and Fourth Medical Services [Harvard], Boston 
City Hospital and the Department of Medicine, Harvard Medical School) 


The amino acid methionine, CH3.S.CH2. 
CH2.CH(NH2) .COOH, has recently gained 
clinical recognition as a therapeutic agent 
in toxic hepatitis.^'*’® The possibility of 
its usefulness in other sorts of liver disease 
has been claimed by some* and denied by 
others.-'^'^* Therapeutic use of methio- 
nine is founded on experimental studies of 
numerous workers, among them Miller, 
Ross and ^^^lipple,-‘’ Himsworth and 
Glynn’^'^* and Gydrgy.’^ The latter, based 
on his results with dietary experiments in 
rats, recommended the use of methionine 
as an adjuvant in the prevention and in 
the treatment of human liver disease. 
Du Vigneaud^ demonstrated that methio- 
nine proiddes free methyl groups for the 
sjmthesis of choline and that it is of 
significance to sulfur and fat metabolism 
and to the problems of trans-methylation 
in the organism. The effectiveness of 
methionine in counteracting post-trau- 
matic nitrogen loss in burned rats®-' may 
constitute another property of this sub- 
stance. 

Beattie and his co-workers* observed 
the beneficial effect of methionine in car- 
bon tetrachloride poisoning and noticed 
the excretion of an excessive amount of 
urinary sulfur (equivalent to 65% of the 
sulfur given as methionine). They con- 
cluded that “the intimate cause of the 
liver disturbance induced b.v carbon tetra- 
chloride is an abnormal metabolism of 
methionine and related compounds; and 
that in their patient it was specificalij’ the 
administration of methionine which pre- 
vented further liver damage.” 

The present report deals with prelimi- 


nary findings obtained in a study of the 
urinary e.xcretion of methionine in various 
liver disorders. 

First, the rate of the urinary excretion 
of methionine ingested by normal indi- 
viduals orally was studied, and changes 
in urinary excretion due to the form of 
the absorbed methionine, either as crystals 
or as tablets containing a binder of un- 
knovm constitution, were investigated. 
Second, as renal impairment often accom- 
panies liver disease, it was determined 
to what extent nephrosis and changes in 
urine volume would affect urinary methio- 
nine concentration. 

Once these factors were knovn, methio- 
nine was given under various nutritional 
conditions and at various stages of liver 
disease to a patient with infectious hepat- 
itis and to a patient with hepato-Ienticular 
degeneration. 


Materials and Methods. 1. The Patients. 
(a) Control investigations were done on 
young (30, 28, 32 years) healthy indiwduals 
who were doing their customarj’’ work in the 
laboratory during the experiments ^ but 
adhered strictty to the necessarj' nutritional 
restrictions. In 1 instance a patient who was 
convalescent from severe burns was used as 
a control because his nutritional status at 
the time of the experiment was not signifi- 
cantly impaired and there was no ewdence 
of liver disease.* 

(b) The patient suffering from nephrosis 
was a 46 year old white female.f Albumin- 
uria and edema had been present for II yesrs 
in this patient, whereas urine examinations 
prior to that period had been negative. The 
serum proteins in the past 11 3'ears varied 
from 4.5 to 3.5 gm, per 100 cc. and the 


* Dr. F. H. L. Taylor’s permission to use data obtained by his ftroup on this patient is gratefuib 
acknowledEcd. . . • » ,dr 

t Patients (b) and (d) Trere private patients of Dr. H. Biotner whose cooperation in allowinc stu J 
of these subjects is gratefully acknowledged. 
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albumin-globulin ratio was inverted. Chol- 
esterol values were consistently around 
600 mg. per 100 cc. of plasma. During the 
past year the patient had been kept on a 
high protein diet and was accustomed to 
weigh all her food as well as to measure her 
fluid intake and output. She was leading 
a semi-ambulatory life, doing some house- 
work. During the experiment she w^as 
seen once a woek and her drug, food and 
fluid intake w^as recorded w'ith particular 
care. 

(c) The patient w'ith hepatolenticular 
degeneration has been described previ- 
ously.^'-” He was a wdiite bo 3 ’- of 19 having 
shown sj^ptoms of hepatolenticular de- 
generation during several years. His liver 
function had been followed over a period 
of 14 months under various diets and it had 
been found that episodes of liver dj’-sfunc- 
tion could be provoked by restricting the 
dietary protein. The studies on methionine 
excretion in this patient w'ere performed 
during such a period of induced hepatic 
disturbance. 

(d) The patient suffering with infectious 
hepatitis w'as a w'hite male of 38. He had 
ahvaysbeen healthj'^ until March 1945, w-hen, 
after the usual prodromata marked jaundice, 
right upper quadrant distress and enlarge- 
ment of the liver appeared. Under high 
protein and vitamin diet, and bedrest the 
sj^mptoms regressed wnthin 6 w-eeks but 
1 month later jaundice recurred Avith an 
icteric index of 100, 3+ bile in the urine 
and a 3-f- ccphalin flocculation. The stools 
were ahvaj-’s of fairlj-- normal color. The 
response to the dietaiy treatment w-as 
unsatisfactoiy and the genera! condition of 
the patient deteriorated, w-hile the liver 
edge descended below the umbilicus. Begin- 
ning on Aug. 12, 1945, 5 gm. of methionine 
w-ere giA'on by jnouth eveiy day and the dose 
w-as later increased to 10 gm. For technical 
reasons the stud.y of methionine excretion 
was begun only on September 7. Subjective 
improvement had been jjerceptible about 
1 week earliei', while liver enlargement and 
laboratory findings remained unchanged. 
During the actual period of the e.xperiment, 
the liver regres.scd to normal .cize and the 
icteric inde.v fell, Tlie cephalin flocculation 
became 24 -. Methionine Avas di.'^continucd 
after a total dose of 4S3.6 gin. had been 

* Part of the nietliionine used w.ns supplied by 
.tolm^ou. 


gh^en. During the entire period of observa- 
tion the diet had remained constant, the 
patient being hospitalized and a special 
dietitian being assigned to control his intake 
of food. 

2. Diets and Method of Methionine Admin- 
istration. It Avas kept in mind that various 
proteins of the diet contain different amounts 
of methionine. Methionine A’^alues of the 
usual constituents of hospital diets A\'ere not 
available and analysis of alimentary methio- 
nine AA'as impossible for technical reasons. 
As a satisfactor 3 '^ compromise the sources of 
protein in all patients during the e.xperi- 
ments AA^ere limited to casein, lean meat 
(lamb, beef and chicken) and the propor- 
tions of all of these constituents Avere kept 
fairl 3 ’- constant each da 3 ^ The A^egetable 
rations in each case AA-ere kept at comparable 
leA-'els. Protein A^alues Avere calculated from 
food tables.' Regardless of changes of the 
amounts of proteins necessitated b 3 ’’ the 
experiments, the diets Avere maintained at 
constant caloric leA^els by adding, in the 
case of loAv protein diets, corresponding 
amounts of carbohydrates and fat to make 
up for the omitted protein. 

The dl-Methionine Avas giA'en in the form 
of “Meonine”* tablets (containing 0.3 gm. 
of dl-methionine and a binder, the nature of 
AA'hich Avas unknoAA-n) in the case of the nor- 
mal subjects, the patient Avith hepato-len- 
ticular degeneration and in the form of 
chemical^’' pure ciystals in the other pa- 
tients. Unless otherAA'ise specified the daity 
doses Avere fractionated into small amounts 
gir^en eveo^ 3 hours from 8 a.m. to 8 p.m. 
in fruit juice or in Avater. 

In the experiments on the A-ariation of 
methionine excretion in normal subjects, 
the substance was gii-’en to 4 normal fasting 
indiAuduals in the form of “Meonine” tab- 
lets Avith 200 cc. of AA-ater at 9 a.m. At 
10 a.m. another 200 cc. of AA'ater AA'ere giA-en. 
The urine AA-as collected during the 12 hours 
preceding the experimeiAt and its methionine 
content Avas measured. Urine AA-as again 
collected at 12 noox, 3 hours after the inges- 
tion of methionine, and the methionine con- 
tained in this 3 hour specimen Avas again 
determined. The same experiment Avas 
repeated on the same subjects seA'cral daA-s 
later, using methionine ciw-stals free of any 
binder. 

IVyoth, Inc., tliroURli the cooperation of Dr, R. M. 
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The excretion curves studied b 5 '' Albanese- 
in normal persons were studied in 6 normal 
indmduals, by measuring their urinary 
methionine before ingestion of 1.5 gm. of 
methionine (“Meonine” tablets) and J hour, 
1 hour, 2 hours and 3 hours thereafter. 
The amounts of fluid given during the experi- 
ment were identical to those used bj" 
Albanese. 


in the form of tablets containing a binder 
or as powder by one and the same normal 
person are presented in Table 1. It ap- 
pears that in some cases, methionine 
ingested in the forrii of pure crystals in- 
creases the amount of methionine excreted 
in the urine in a given time interval more 
markedly than does the same amount of 


Table 1 

Urinarj' methionine 
12 hours 3 hours 


. before ingestion after ingestion 

Subject (mg./l cc.) (mg./l cc.) 

Effect of the Ingestion of 6 Gm. of Methionine in Tablets 

F. H 0 13 0,45 

S. C 0 24 0 39 

B. 0 0 15 0 35 

G- H 0 16 0 IS (after 6 hours 0.3G) 

Effect of the Ingestion of 5 Gm, of Methionine in Powder 

F. H 0 11 0 60 

S. C 0 IS 0 41 

B. 0 0 17 0,60 

G. H 0.14 0. IS (.lifer 6 hours 0.40) 


3. Methionine Determination in Urine and 
Feces. In all experiments except those de- 
scribed above all urine was collected in 
24 hour specimens. Urine was preserved 
with 50 cc. of 15% hydrochloric acid plus 
1 cc. of a 10% alcoholic thj’-mol solution, 
and kept in the refrigerator. Methionine 
determinations were done within 7 days. 
This is a safe period for the preservation of 
methionine according to a personal com- 
munication from Albanese. The method of 
Albanese^ was used for urine methionine 
determinations. The same method was 
applied to fecal methionine after pulveriza- 
tion of tile dried feces and resuspension of 
the material in distilled water. 

4. Other Laboratory Methods. The total 
urinarj' nitrogen was determined bj' the 
macro-Kjeldahi method-* and 10% of the 
nitrogen intake were allowed for fecal nitro- 
gen loss. 

The cephahn flocculation test was per- 
formed according to Hanger’s’- technique 
and prothrombin time determinations were 
done bj' a modification of Quick’s method." 
The icteric index was estimated by direct 
\'isual comparison of the serum to standards. 

Results. 1 . Variation.^ of Urinary Meth- 
ionine Excretion FoUotriny Oral Adminis- 
tration of Tablets or Cry.itals. Experiments 
on the e.xcretion of methionine when taken 


methionine, ingested bj- the same indi- 
mdual, in the form of tablets. It also 
appears that the amount e.xcreted differs 
in different individuals. This point was 
further illustrated bj' repeating the e.xcre- 
tion experiments of Albanese® in 6 norma! 
indi^dduals. IMiile 4 showed excretion 
curves comparable to those found by 
Albanese, 2 repeatedlj' had markedlj' 
slowed and prolonged excretion. (One of 
these was G. H. of Table I.) - 
2. Methionine Excretion in a Lormal 
Individual on Various Dirts. (Chart 1.) 
Albanese found that a normal adult “on 
a normal diet”- excretes from 200 to 
500 mg. of methionine in the urine in 
24 Iiours. This does not significantly 
change when the subject is placed on a 
low protein diet (3.5 gm. of N 2 ) or when 
he is ingesting an isocaloric, high protein 
diet (30 gm. of N;)- When methionine 
is added, while the diet is poor in protein, 
a slight increase of urinarj' methionine 
c.xcretion occurs. This is enhanced when 
the dietarj' protein is increased. The 
urinarj' methionine excretion immcdiatelj' 
fell when methionine intake was dimin- 
ished. The nitrogen balance under the 
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conditions of this experiment was not 
changed by the addition of methionine. 

3. Methionine Excretion m Nephrosis. 
(Chart 2.) During a control period of 
7 days on a diet of 3000 Calories contain- 
ing about 150 gm. of protein this patient 


excreted methionine in amounts compar- 
able to those found in urine of a normal 
person. On 5 gm. of methionine tablets, 
the increase in urinary methionine was 
comparable to that observed in a normal 
person under similar conditions. On the 



Chmit 1. — Shows tlio cli.'inges m metliionine e\cietion and nitiogen metabolism in a noimal adult male 
of 30 on a diet of 3000 calories with ^alylng amounts of pioteiii. 



C 11 MIT 2. Shows tint there i- no relation between urine volume and methionine excretion in a case of 
nephrO'T.. maintained on a constant high protein diet. 
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IN Ln’ER DISORDER 



Chakt 3. — Shows the changes in methionine excretion, nitrogen metabolism and liver lunction in a 
young adult male ot 19 suffering from hepato-lenticular degeneration, maintained on a diet of 4000 calo- 
ries with varying amounts of protein. 



Cininx 4. — Shows the changes of methionine excretion and nitrogen metalx)lism in a patient whh 
infectious hepatitis during the period of recovery, on a constant high protein diet of 4000 calorics. On 
the right side is shon-n the methionine excretion and nitrogen balance of a patient recovering from 
burns, on a constant high protein diet. 
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13th and on the 23rd day the urine volume 
was greatly increased following the injec- 
tion of mercupurin. The changes of the 
methionine excretion did not parallel those 
of the urine volume. The nitrogen balance 
which varied somewhat during the experi- 
ment was more stable after the 20th day 
of the experiment. It is impossible to say 
whether methionine had anything to do 
with this change. 

This experiment may be interpreted as 
meaning that the renal changes sometimes 
found in liver disease cannot be e.xpected 
to affect significantly the urinary elimina- 
tion of methionine. 

4. Methionine Excretion in Hepaio-lcn- 
ticular ’Degeneration. (Chart 3.) In this 
patient acute liver failure followed the 
restriction of dietary protein which was 
reduced from 220 to 60 gm. while the total 
calories were maintained at 4000. In a 
preceding control period the administra- 
tion of 5 gm. of methionine in tablet form 
daily had caused an increase of urinary 
methionine comparable or slightly higher 
than seen in the normal subject. During 
the low protein diet, when no methionine 
was given, 420 to 150 mg. of methionine 
were excreted, which is within the normal 
range. The addition of methionine to the 
low protein diet, at a time when liver 
function was poor, caused a more marked 
increase than that observed in the normal 
subject under similar conditions. This 
would have been even more accentuated 
had the patient not suffered from diarrhea 
which, at this point, nearly doubled his 
fecal methionine loss and greatly increased 
fecal nitrogen. The maximal methionine 
loss during this period was 3.75 gm. in 
24 hours while it was only 2.4 gm. in 
24 hours when methionine was given, 
together with a high protein diet and while 
liver function tests were normal. - 

5. Methionine Excretion in Infections 
Hepatitis. (Chart 4.) In this patient 
methionine excretion studies were begun 
after he had received 5 gm. of methionine 
daily for S days and 10 gm. daily for 
16 days. Clinical improvement had just 
begun when the study was started. 


Throughout the experiment the patient 
was taking a high protein diet. During 
the first 5 days of the experiment his 
methionine excretion was between 1050 
and 1165 mg. per day while in a control 
subject this value remained below 1000 mg. 
although the protein intake of the control 
was higher and to a great extent derived 
from casein, therefore rich in methionine. 
There was no evidence of liver damage in 
the control subject who was recovering 
from burns. The urinary methionine 
values in the patient with hepatitis fell 
below normal as he improved and ap- 
proached levels found in the control 
subject as the patient’s condition became 
stabilized. The nitrogen balance was not 
changed. 

Discussion. The only previous studies 
on urinary methionine excretion are those 
of Albanese® in normal subjects. How- 
ever there is indirect evidence that in 
some conditions methionine loss in the 
urine is increased. Thus in the case of car- 
bon tetrachloride poisoning Beattie et al.^ 
found an increased excretion of un- 
oxidized sulfur (about 65 % of the amount 
of sulfur given as methionine). Miller*® 
reported that the feeding of methionine 
to protein depleted dogs caused an increase 
in urinary organic sulfur amounting to 
15 to 40 % of the sulfur fed as methionine. 

It is not knovm whether this methionine 
loss is due to the lack of certain compo- 
nents of protein, which might be necessary 
for the utilization of methionine as Gill- 
man and Gillman*® have suggested, or 
whether the failure of the organism to fully 
utilize methionine is due to an impairment 
of certain metabolic functions of the liver. 
This latter hypothesis seems to be sup- 
ported by the findings here presented. 
^Miereas, the high methionine excretion 
in the patient with hepato-lenticular de- 
generation (Chart 3) was accompanied by 
liver dysfunction and by protein defi- 
ciency, the same phenomenon was ob- 
served with hepatitis while dietary proteins 
were adequate. In Miller’s dogs*® the 
metabolic functions of the liver may well 
have been disturbed as serum phosphatase 
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and dj'e clearance may be impaired in 
dogs after relatively short times of protein 
starvation.^® In Beattie’s patient the diet 
contained sufficient protein. 

Furthermore, it has been shouTi that 
liver disease interferes with the metabolism 
of other amino acids. Bernhart and 
Schneider^ showed this to be true 
for tyrosine and the studies of Abels, 
Kupel, Pack and Rhoads^ demonstrated 
that the administration of glycine no 
longer increased urinary creatin and creati- 
nine excretion when liver disease was pres- 
ent, even though free methjd groups were 
made available by simultaneous adminis- 
tration of choline. 

The finding of increased urinary (and 
fecal) methionine excretion in liver dys- 
function maj' be of practical importance 
as it may signify a defect in the proper 
utilization of methionine. This total 
methionine loss in the only instance where 
fecal methionine was determined amount- 
ed to 74 % of the amount ingested and in 
Beattie’s® patient this amount was 65%. 
Larger therapeutic doses than those usu- 
ally employed may therefore be needed, 
probably as much as 15 or 20 gm. a day. 
Some caution is indicated Avhen elevating 
the dose, as it has been seen in this clinic 
that 30 gm. of methionine, taken in 1 single 
dose caused nausea and projectile vomit- 
ing. Some discouraging results reported 
with the therapeutic use of methionine 
for infectious hepatitis may have to be 


interpreted with caution'®"^ as much of 
the 5 gm. of methionine given may have 
been lost in urine and feces as methionine. 
It appears also important to start methio- 
nine therapy as early as possible, before 
liver impairment interferes with methio- 
nine utilization as seems to be suggested 
by our findings. 

In studies dealing with methionine 
metabolism it should be kept in mind that 
the excretion in the urine of this amino acid 
is somewhat different, depending on the 
form in which it is given. The presence of 
a binder in tablets, such as in “hleonine,” 
apparently delays absorption from the 
gastro-intestinal tract. 

Summary and Conclusions. 1. Urinary 
methionine excretion in different subjects 
varies and is affected by the form (tablets 
or powder) in which methionine is given. 

2. Urinary methionine e.vcretion in 1 
case was not influenced by renal changes 
of a nephrotic type nor by changes of the 
urine volume. 

3. In 2 cases of liver dysfunction urinary 
methionine loss was found to be increased 
during the height of the disturbance and 
decreased as the patients improved. In 
1 case this occurred independently of die- 
tary factors. • 

4. jMethionine seems to be lost in the 
urine in greater quantity during liver 
disease than normally and it seems desir- 
able to use large doses as early as possible 
in the course of disorder of the liver. 


F. Homdcbgeh, M.D., Memoriai. Hospitai., 

York Ave. at 6Stu St, New York, 21, N, Y. 
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THE USE OF MOLYBDENIZED FERROUS SULFATE IN THE TREATMENT 
OF TRUE IRON DEFICIENCY ANEMIA OF PREGNANCY 

By Edward R, Neary, M.D. 

NEWARK, NEW JERSEY 

(From the Medical Department of White Laboratories, Inc.) 


The possible role of various trace ele- 
ments, especially copper, in speeding re- 
covery from certain experimental nutri- 
tional anemias, has been studied by a 
number of investigators. Up to the 
present time, however, copper alone has 
been convincingly demonstrated to be 
important in this regard, bringing about 
a better utilization of iron and quicker 
hemoglobin regeneration in animals with 
anemia induced bj' subsistence on a milk 
diet.® Other elements such as manganese, 
cobalt and germanium have been reported 
to be ineffective.*-'*® 

Although the function of copper in 
hemopoiesis has been amply confirmed, it 
has been emphasized that this element 
allows a better utilization of iron only 
when there exists a combined deficiency 
of iron and copper such as results when 
the diet is made up exclusively of milk.® 
Concerning its usefulness in clinical ane- 
mias, authoritative opinion is that medic- 
inal copper is not necessary for treatment 
of anemias in man, with the exception of 
certain hypochromic nutritional anemias 
in young infants.*-'' 

As far as one can learn from a careful 
search of the literature, molybdenum is 
not among the trace elements which have 
preUously been studied from the stand- 
point of possible potentiation or catalysis 
of iron in the treatment of iron-deficiency 
anemias. In experimental studies of a 
molybdenized ferrous sulfate, Avhich rvere 
undertaken and, on completion, ivill be 


reported separately, early results suggested 
that treatment AAuth this preparation ac- 
complished an unusually rapid cure of 
milk-induced anemia in young rats. The 
present communication deals with pre- 
liminary clinical studies of the relative 
therapeutic efficacy of ferrous sulfate and 
of molybdenized ferrous sulfate* in’ hypo- 
chromic anemias in pregnancy. 

Clinical Material, t Twenty-two co- 
operative, obstetric out-patients with true 
iron-deficiency anemia served as the clini- 
cal subjects of study. The diagnosis of 
true anemia rvas made in each of these 
patients on the basis of initial blood valua 
that were below the minimum normal 
standards for pregnancy. 

That the minimum normal values for 
hemoglobin and erythrocytes in the preg- 
nant woman are substantially lower than 
those in the non-pregnant woman is now 
well established. This difference is attrib- 
uted to the occurrence, during pregnancy, 
of a so-called physiologic anemia which 
does not respond to iron therapy, since it 
is not a true anemia but rather a hydre- 
mia. BetheU- believes that the lowest 
normal blood values for hemoglobin and 
erythrocytes in pregnancy are 1 1 .3 gm. % 
and 3.70 million per c.mm., re.spectively. 
From their studies Adair and associates* 
conclude that the minimum standards for 
normal pregnancy are 10 gm. of hemo- 
globin, 3.36 million erythrocytes and 33% 
of packed cell volume. Wolff and Limarzi*' 
state that the efficacy of iron therapy in 


* Molybdenized ferrous sulfate is prepared by a special process, invoh-inc the co-precipitation of 
molj’bdenum sesquioxide and ferrous sulfate, with the production of a complex in which cicinent.al 
molybdenum and ferrous iron are present in an approximate ratio of 1 to 15 parts, re.spectively. It wax 
made available for clinical .study in the form of tablets, each of which contained 3 mjt. of molytxlonum 
sesquioxide (approximately 2.5 mR. of elemental molybdenum) and 195 mR. of ferrous sulfate (approxy 
mately 40 me. of ferrous iron). Tlicse tablets were analyzed for copper by spcctrocraphic and colori- 
metric (dithiazone) methods. The results showed that thw element was present to an extent not RTcatef 
than 5 parts per 1 million. 

t Clinical data were obtained from patients in the Oldtetrical Clinic of the Oranpe Memorial Ho=pi- 
tal, OranRe, N. J., under supervision of the Obstetrical Department. 



neary: iron deficiency anemia of pregnancy 


77 


pregnant women with obviously true ane- 
mia — or with questionably true anemia in 
winch hemoglobin and erythrocyte values 
are at or just below the minimum stand- 
ards for pregnancy — may be predicted 
from the mean corpuscular hemoglobin 
concentration. According to the latter 
investigators, when this index is below 
the normal range of 32 to 36%, iron is 
indicated; when this index is normal, iron 
is contraindicated. 

On initial examination, all of our 22 
pregnant patients had hemoglobin values 
less than 10 gm. %; 21 had erythrocyte 
counts less than 3.36 million; one had an 
erythrocyte count of 3.8 million (with a 
hemoglobin value of 7.6 gm. %); all had 
subnormal mean corpuscular hemoglobin 
concentrations. 

Method of Study. All laboratorj’^ studies 
were done by one special technician. Hemo- 
globin estimations were made with a Klett- 
Summerson photoelectric colorimeter; packed 
erythrocyte volume was determined by the 
modified Haden method; blood pipets, count- 
ing chambers and cover-glasses which were 
used had been certified by the U. S. Bureau 
of Standards. 

Hematologic stud}'^ before start of treat- 
ment consisted of hemoglobin and packed 
cell volume determinations, erythrocyte 
counts, total and differential leukocj'te 
counts, and examinations of stained blood 
smears. Initial hematologic stud}’' of each 
jmtient was made during a pre-medication 
control period of at least 7 days. After 
treatment was begun, hemoglobin determina- 
tions and erythrocyte counts were made ap- 
Ijroximatel}’- at weekly intervals. 

The 22 patients under stud}"- were dirided 
into 2 numerically equal groups. Each 
patient in Group 1 received a daily dose of 
aiijiroximately 240 mg. of ferrous iron in the 
form of 6 tablets of ferrous sulfate; each 
l)atient in Group 2 received approximately 
the same daily dose of ferrous iron, plus 
15 mg. of molybdenum, in the form of 
6 tablets of molybdcnized ferrous sulfate. 
Since it is now known that iron is clinically 
more cnicacious in the bivalent rather than 
the trivalent form, precautions were taken 
to make certain that the iron content of 
tablets of both preparations remained in 
the bivalent state. 


Supplies of medication, sufficient only for 
2 weeks treatpient, were regularly distributed 
to all patients. Prescribed dosage was ad- 
hered to in all cases, as far as could be deter- 
mined from frequent inspection of supplies 
of distributed tablets and verification that 
estimated quantities of unused tablets cor- 
responded with actual quantities. 

Results. In Group 1 hemoglobin levels 
at start of treatment ranged from 7.6 to 
to 9.8 (average 9.1) gm. %; in Group 2, 
these ranged from 7.6 to 9.4 (average 8.9) 
gm. %. 

Following treatment for approximately 
the same length of time in both groups 
of patients, the hemoglobin levels in 
Group 1 were between 10.6 and 11.8 (aver- 
age 11.2) gm. %; in Group 2 between 
13.2 and 14.2 (average 13.5) gm. %. The 
average duration of treatment and weekly 
gain in hemoglobin were 6.9 weeks and 
0.27 gm. % in Group 1; 6.2 weeks and 
0.74 gm. % in Group 2. The foregoing 
data are listed in Table 1. 

A more critical analysis of these results 
is facilitated by graphs of individual and 
group rates of hemoglobin formation. 
These are presented in Charts 1 to 3, 
examination of which reveals that the 
patients of Group 2, treated with molyb- 
denized ferrous sulfate, experienced an 
unusually efficacious therapeutic response. 
The rate of hemoglobin formation in all 
patients of this group seemed to follow a 
distinctive pattern in which increments 
in hemoglobin concentration occurred 
with uniform rapidity until normal levels 
were almost attained. On the contrary, 
all patients in Group 1, receiving the same 
dosage of iron (but in the form of ferrous 
sulfate) as those in Group 2, exhibited an 
initially satisfactory therapeutic response 
followed by a progressively slower rate of 
hemoglobin regeneration, until hemoglobin 
values — still subnormal — Avere unaffected 
despite continued treatment Avith the 
same dose of ferrous sulfate. CurA-es of 
indiA'idual and average response to treat- 
ment in Group 1, therefore, shoAA'ed an 
initial upAA-ard trend but gradually leA-eled 
off and became plateau-like AA'hile hemo- 
globin A'alues Avere still subnormal. 
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Table I.— Hemoglobin Levels Atteb Treatment With Ferrops Shlfate and 
Moltbdesized Ferrous Sulfate 


Case 

No. 

Group /. — Medication: Ferrous 

Sulfate 


Initial 

Hb. (gm. %) 

Initial 

M.C.H.C.* 

Weeks of 
treatment 

Subsequent 
Hb. (gm. %) 

1 . . 

... 94- 

26 

6 

11.4 


.... 9 0 

29 

7 

11 2 

3 , . 

.... 9 0 

29 

7 

11.6 

4 . 

. ... 9 4 

2S 

7 

11 0 

5 

.... 9 2 

24 

6 

10 S 

6 . 

.... 9 2 

23 

S 

11.4 

7 

....70 

21 

t 


S . 

.... 9 4 

25 

S 

11.0 

9 . 

.... 9 S 

29 

7 

11 S 

20 . 

. S S 

29 

7 

10 S 

11 . . 

... 9 8 

24 

6 

10 6 

Average 

.... 9.1 

26 

6 9 

11 15 


Average weekly gain in hemoglobin, 0.27 gm. %. 


Group 3. —Medication: Molybdenized Ferrous Sulfate 


12 

. 9 4 

28 

7 

13 6 

13 

. 9 2 

30 

8 

13.1 

14 

. 9 4 

27 

6 

13 7 

15 

. 9 0 

23 

6 

13 6 

'16 . ... 

. 9 0 

23 

6 

13 2 

17 

. 9 0 

25 

5 

13.4 

IS 

. 9 4 

23 

5 

13 4 

19 

. 9 0 

25 

6 

14 2 

20 

. S 2 

28 

7 

13 4 

21 

. 9 0 

30 

6 

13 2 

22 

. 7 6 

26 

6 

14 2 

Average 

. 8 9 

26 

6 2 

13 5 

Average weekly gain in hemoglobin, 0.74 gm. %. 



M.C.H.C.~Mean Corpuscular Hemoglobin Concentration. 



Gastro-intestinal intolerance necessitated discontinuance of ferrous sulfate. 






HEMOGIOBIN in Gm. per cenr HEMOGLOBIN in Gm. per cent 
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Days of Tfeotmenf 

Chart 2 



Doy$ of Tfcolmenl 

Chart 3 



Chart 4 





80 


xeary; mox dehciency akemia of pregnancy 


In all but 1 (Case 7) of the patients in 
Group 1, molybdenized ferrous sulfate 
was substituted for ferrous sulfate when 
the curve of therapeutic response had 
definitely assumed its plateau. Increases 
in hemoglobin values then occurred in each . 
patient. Moreover, the rate of renewed 
hemoglobin formation was uniformly rapid 
until normal values were \drtually reached. 
In Chart 4 is illustrated the renewed thera- 
peutic response in Case 4, which occurred 
after molybdenized ferrous sulfate had 
been substituted for ferrous sulfate, and is 
generally typical of the pattern of re- 
newed response e.xhibited by the remain- 
ing 9 patients similarly treated. 

The response of erythrocytes to treat- 
ment in both Group 1 and Group 2 gen- 
erally paralleled the rate of hemoglobin 
formation. Detailed discussion of the 
erythrocytic response seems unnecessary, 
since the rate of hemoglobin increase is 
the most reliable criterion of the efficacy 
of treatment in hypochromic anemias. 

Gastro-intesti.val Tolerance. Gas- 
tro-intestinal side effects were not noted 
in any of the patients during treatment 
with molybdenized ferrous sulfate. In 
Group 1, however, it was necessary to dis- 
continue treatment with ferrous sulfate in 
1 (Case 7) because of nausea which regu- 
larly followed ingestion of the medication. 

A second patient (Case 11) experienced 
mild gastro-intestinal irritation during 
early treatment with ferrous sulfate that 
disappeared as treatment was continued. 
Although no conclusions concerning com- 
parative tolerance of the 2 iron prepara- 
tions arc justified because of the relatively 
small number of patients studied, it was 
interesting to observe that in Case 7 the 
patient e.vperienced no sidc-efFects from 
molybdenized ferrous sulfate with which 
she was successfully treated after her 
demonstrated intolerance of ferrous sulfate. 

Comment. Arbitrary standards of sat- 
isfactory therapeutic response to iron 
medication, based on the rate of hemo- 
globin formation in uncomplicated hj-po- 
chromatic anemia, have been reported.® 
Such standards, however, do not seem 


applicable in hypocliromic anemia of preg- 
nancy. The latter condition is known to 
impair the response to iron,” undoubtedly 
because one or more factors responsible 
for the anemia in pregnancy — such as the 
fetal requirements for blood-building ma- 
terials — continue to be operative during 
the period of gestation. Consequently, a 
dosage of an iron preparation, sufficient 
to effect an optimal response in uncompli- 
cated hypochromic anemia, might well he 
less effective in h;i'pochromic anemia dur- 
ing pregnancy. 

In the patients of Group 1, hemoglobin 
values were observed to rise, under treat- 
ment with ferrous sulfate, only to sub- 
normal levels of 10.5 to 1 1.5 gm. %, despite 
continued treatment with ferrous sulfate 
in a daily dosage that one would e.xpect 
to be fully effective in uncomplicated 
hj'pochromic anemia. That this subnor- 
mal plateau effect is the result of sub- 
optimal dosage of ferrous sulfate was indi- 
cated by the renewed therapeutic response 
which was observed to follow a 50% in- 
crease in the daily intake of ferrous 
sulfate. Similarly, the average rate of 
hemoglobin formation in Group 1 (0.27 
gm. % weekly for the entire therapeutic 
period), even if calculated for the first 
part of the therapeutic period during 
which hemoglobin values actually rose, 
would appro.ximate only 0.4 gm. % weekly. 
This response is less than one would antici- 
pate in uncomplicated anemia of compar- 
able degree with the same quantity of 
ferrous sulfate. 

In the patients of Group 2, however, the 
response to treatment with approximately 
the same dosage of ferrous iron, but in the 
form of molybdenized ferrous sulfate, was 
fully effective. It seems, therefore, that a 
daily dosage of approximately 240 mg. of 
bivalent iron was suboptimal, when ad- 
ministered in the form of ferrous sulfate, 
but was optimal, when given as molyb- 
denized ferrous sulfate, in the 22 patients 
observed in this preliminary study. 

Since recovery from h%'pochromic ane- 
mia was consistently rapid under treat- 
ment with molybdenized ferrous sulfate. 
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as compared with ferrous sulfate, the ques- 
tion of the mode of action of this newer 
preparation naturally arose. Speculating 
that the superior therapeutic effect of 
raolybdenized ferrous sulfate might pos- 
sibly result from an increased absorption 
of iron, we endeavored to study the com- 
parative degree of gastro-intestinal ab- 
sorption of this element, when adminis- 
tered as ferrous sulfate and as molybden- 
ized ferrous sulfate, according to the meth- 
od of Moore and associates.®-® The latter 
investigators have reported that the de- 
gree (but not the total amount) of absorp- 
tion of orally administered iron can be 
demonstrated through serial measurements 
of serum iron levels under stated experi- 
mental conditions. However, in 4 appar- 
ently normal adults ive Avere unable to 
show by this method any significant dif- 
ference in degree of iron absorption fol- 
lowing oral administration of ferrous sul- 
fate and of molybdenized ferrous sulfate. 

In view of the foregoing, therefore, the 
thought is suggested that the apparently 
superior therapeutic activity of molyb- 
denized ferrous sulfate in hypochromic 
anemias may be the result either of an 
in vivo catalysis of iron or, possibly, of a 
stimulation of erythropoiesis by molyb- 
denum. Piper*® has reported that molyb- 
denum is an essential element for plant 
growth. Ter Meiden’s** finding that 
molybdenum occurs widely, although in 
minute amounts, in vegetable and animal 
materials also suggests the possible role 
of this trace element in animal and human 
nutrition. 

Summary. 1 . The hemopoietic activity 
of a specially processed molybdenized fer- 
rous sulfate, as compared with that of 
ferrous sulfate, Avas studied in a series 
of 22 obstetric out-patients, all haA'ing 


approximately the same degree of true 
iron-deficiency anemia and all receiAung 
approximately the same daily dose of 
ferrous iron over the same periods of time. 

2. In Group 1, treated with ferrous 
sulfate, the average gain in hemoglobin 
AA'as 2.1 gm. % in 6.9 AA-^eeks; in Group 2, 
treated with molybdenized ferrous sulfate, 
the aA-^erage gain in hemoglobin Avas 
4.6 gm. % in 6.2 AA^eeks. 

3. The pattern of therapeutic response 
to molybdenized ferrous sulfate seemed 
to be distinctiA'e, increases in hemoglobin 
occurring Avith uniform rapidity until 
normal Amlues Avere almost attained; the 
therapeutic response to ferrous sulfate, 
although initially satisfactory, became 
progressively sloAver until hemoglobin Aml- 
ues remained stationary at subnormal 
IcA’^els despite continuation of treatment. 

4. The substitution of molybdenized 
ferrous sulfate for ferrous sulfate, AAdien 
the latter compound no longer produced 
increments in subnormal hemoglobin A^al- 
ues in Group 1, Avas folloAved by satisfac- 
tory reneAval of hemoglobin formation 
until normal values Avere attained. Re- 
ncAA'ed therapeutic response Avas also 
effected by increasing the dosage of ferrous 
sulfate. 

5. Patients treated AAuth molybdenized 
ferrous sulfate tolerated the preparation 
extremely AA-ell ; 1 patient, unable to toler- 
ate ferrous sulfate, Avas treated effectiA'ely 
and Avithout side-effects by molybdenized 
ferrous sulfate. 

6. Molybdenized ferrous sulfate, there- 
fore, seems to be an unusually efficacious, 
AA'ell-tolerated agent for treatment of true 
iron-deficiency anemia of pregnancy. Fur- 
ther study of its apparent adA^antages and 
its mode of action is in progress. 


The assitance of Mrs. Blnnce M. Brant, who conducted all clinical laboratorj- tests, is gratefully 
acknowledged. 
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In the course of investigations concern- 
ing diuresis, Nonnenbruch and Szyszka 
discovered that in rabbits the coagula- 
bility of the blood increased so much after 
an intravenous injection of a mixture of 
theophylline and ethylenediamine that it 
was difficult to obtain blood from the ear 
vein because of the immediate clotting. 
This led to studies by these authors^® and 
others'-’ of the effect of theophylline with 
ethylenediamine on the coagulation of 
blood in animals and man. The original 
observations were confirmed and this drug 
was recommended as a coagulant in cases 
with hemorrhagic diathesis. The 
effect was attributed primarily to the 
action of the ethylenediamine.''’ Recently, 
it was shown that the methylxanthines 
(theophylline, theobromine and caffeine) 
exert a distinct effect on the prothrombin 
time and shorten it to a degree which may 
have clinical importance.'* 

We investigated the effect on prothrom- 
l)in coagulation time and on plasma coagu- 
lation in man produced by the intravenous 
injection of theophylline and ethylene- 
diamine (aminophylline) and theophyl- 
line with sodium acetate and by the oral 
administration of several methylxanthines. 

Method of Study, All subjects were hospi- 
talized on the medical wards. Care was 
taken to eliminate all patients who had any 
hepatic disease and those who were receiv- 
ing vitiunin K, salicylates, quinidine or any 
product which influences the prothrombin 
concentration or the clotting mechanii^m. 

ith 2 exceptions all were males because 
in them venipuncture is much easier and 
also because they are loss apt to object to 
the repeated venipuncture. 

* Wo arc indebted to Burroughs 'Wellcome & Ci 


Control (normal) prothrombin and plasma 
coagulation times were first done. Then, 
the patients were given 0.5 gm. of amino- 
phylline or theophylline with sodium acetate 
intravenously; blood was taken 1, 2, 3 and 
24 hours after the injection for estimation 
of the prothrombin and plasma coagulation 
times. Those who received the methyl- 
xanthines by mouth were tested after peri- 
ods of 24, 48, 72, 96 and 120 hours. 

The prothromliin test was done as follows: 
one-tenth of 1 cc. of a 10% solution of 
potassium oxalate was placed into a gradu- 
ated centrifuge tube. A venipuncture was 
done with as little trauma as possible and 
blood drawn into an absolutely dry syringe. 
Enough blood was added to the centrifuge 
tube to make up 4.5 cc. of the mixture. 
This was centrifuged at 1500 r.p.m. for 
5 minutes and the oxalated plasma pipetted 
into a small dry test-tube (75 by 10 mm.). 
The test was done immediately because it 
is known that prothrombin is very labile 
and disintegrates on standing. 

The Fullerton modification of the Quick 
method was employed.® Two-tenths of 1 cc. 
of oxalated plasma was pipetted into a te.st- 
tube to which was added 0.2 cc. of Russell 
viper venom.* The tube was placed into a 
water bath at 37° C. and 0.2 cc. of 1.11% 
solution of calcium chloride added. The 
moment the calcium chloride made contact 
with the solution, a stop-watch Avas started. 
The tube was agitated gentlj- and the first 
appearance of a fibrin-web was taken as the 
end-point. All tests were performed in 
duplicate and a mean computed. This 
method jdelded an average control prothrom- 
bin time of 20.3 seconds. 

The plasma coagulation tests were done 
in parallel with the prothrombin. A modi- 
fication of the method first used by Cheney, 
who in turn had modified the original Howell 
, for our hupply of Stjin-on, Ruisoll A-iper A-enora. 
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prothrombin concentration test, rs-as em- 
ployed.’ These tests were done at labora- 
tory' room temperature which varied between 
25° and 28° C. Two-tenths of 1 cc. of 
oxalated plasma (prepared as in the pro- 
thrombin time test) was pipetted into a 
test-tube (75 by 10 mm.) and 0.2 cc. of 
1.11% of calcium chloride added. The tube 
was agitated gently' for 10 seconds, to assure 
thorough mixing, and then tilted to the 
horizontal every' 30 seconds and oftener as 
coagulation began. UTien the solution did 
not flow on tilting the test-tube to the hori- 
zontal, this was considered the end-point. 


prothrombin time was shortened by more 
than 3 seconds. In 21 cases, the pro- 
thrombin time was determined 1 hour fol- 
lowing the injection and in IS of these a 
distinct shortening appeared within this 
time. The most marked shortening was 
obtained 1 hour after the injection in 
8 cases, 2 hours after the injection in 
3 cases and in 3 hours after the injection 
in 9 cases. 

Figure 1 shows a graph of those cases 
that had the greatest decrease in the pro- 


Table 1. — The Effect of Intravekocs Aminophyluke (0.5 Gm.) ok the Prothbosibik Time 

Prothrombin time (sec.) 


Hours after taking of drug 


Name 

.tea 

Sex 

Control 

1 

2 

3 

24 ' 

Alaximnm 

change 

DiflRnosis 

W. U. 

54 

M 

26.0 

16.8 

17.4 

21,6 

19.0 

9.2 

Peptic ulcer 

B. B. 

32 

M 

20.0 

20.2 

17.0 

15.0 

17.0 

5.0 

Peptic ulcer 

J. D. 

65 

At 

21.2 

20.0 

19.0 

13.2 

18.6 

8.0 

Brain tumor 

D. G. 

45 

M 

21.0 

19.0 

20.0 

15.0 

20.0 

0.0 

Diabetes 

A. B. 

79 

M 

22.6 

21.4 

24.8 

15.8 

17.8 

6.8 

Pneumonia 

A. B. 

79 

M 

16.0 

18.0 

14.0 

16.4 

16.0 

2.0 

Hyperten5ion 

W. G. 

36 

At 

17.2 

14.8 

15.4 

17.0 

12.0 

4.6 

Lues ^ 

L. H. 

28 

At 

20.0 

13.0 

18.7 

16.0 

18.0 

7.0 

Pleurisy 

B. H. 

79 

At 

17.0 

15.8 

18.2 

17.6 

10.8 

1.2 

Bronchitis 

J..A. 

SO 

AI 

20.8 

19.0 

19.0 

18.8 

18.0 

2.8 

Coronar>' thrombosis 

A. T. 

38 

AI 

21.0 

23.0 

29.0 

28.8 

35.0 

-14.0 

Colitis 

V. K. 

10 

M 

18.2 

20.6 

18.0 

16.4 

20.6 

1.8 

Pneumonia 

J. L. 

47 

M 

22 2 

20.0 

19.4 

19.8 

20.2 

2.8 

Lunc tumor 

A. R. 

37 

AI 

ii!o 

17.2 

15.8 

10.6 

19. 8 

2.8 

Amebiasb 

J. B. 

66 

AI 

17.4 

i5.0 

18.2 

12.4 

20.8 

5.0 

BronchioRcnic carcinoma 

J.U, 

25 

AI 

IS. 8 

18.4 

17.0 

13.0 

18.6 

5.8 

Schistewomiasis 

C. J. 

73 

M 

21 2 

17.4 

16.4 

14.0 

20.0 

0.2 

Pro^tatic hypertrophy 

H. G. 

49 

AI 

17. ‘2 

15.0 

15.0 

15.2 

17.2 

2 2 

Empyema 

A.G. 

52 

M 

19.0 

18.0 

14.5 

14.2 

17.0 

sis 

Coronarj' thrombosis 

H. T. 

14 

AI 

19.0 

16.4 

16.4 

17.5 

20.2 

4.8 

Pneumonia 

R. W. 

77 

F 

24.0 

18.5 

18.5 


16.8 

7 2 

Pto«is, riqht kidney 

G. M. 

31 

F 

23.5 

. . 

14.0 

. . 

10.0 

9.1 

Petit mal 


This test is somewhat empiric, as no 
attempt was made to determine the opti- 
mal amount of calcium chloride necessary 
to give the shortest coagulation time; how- 
ever, our normal controls had an average 
of 4.9 minutes and this compares favor- 
ably with Cheney’s average of 5.2 minutes. 

Results, Intrarenous Jujcclion of Amin- 
opht/llinc. The effect of intravenous 
aminophyllinc was investigated in 22 pa- 
tients. Tlic data on prothrombin time 
are compiled in Table 1 . The ages of the 
patients varied between 14 and 79 y'cars. 
Of 22 cases, 21 showed a shortening of 
the prothrombin times following the injec- 
tion. The 1 e.xception concerned a 3S year 
old male with colitis; he showed a steady 
increase of 14 seconds in 24 hours. The 
smallest change was 1.2 seconds and the 
greatest was 9.5 seconds. In 14 cases, the 


thrombin time at the end of 3 hours. 
The results arc uniform. In 2 instances. 
Cases R. W. and G. M., the prothrombin 
time was determined 6 hours after injec- 
tion and in both there was a distinct 
tendency to return to control levels as 
compared to the value obtained after 
3 hours. 

The results of the measurements of the 
plasma coagulation times are compiled in 
Table 2. The first 20 cases in 'Table 1 
were also used for this investigation. The 
coagulation time was shortencfl following 
the injection of aminophyllinc in IS of 
the 20 cases studied. In 2 cases it re- 
mained unchanged after 1 hour and then 
gradually increased. In 15 cases the 
shortening of the coagulation time was 
greater than 1 minute. Even in the cil'C 
of colitis (A. T.), in which the prothrom- 
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the control values were reached or sur- infarct died from multiple embolic plie- 
passed. nomena, before the experiment could be 

Inlrarcnous Injection of Theophylline completed. It is interesting to note that 
IT ith Sodium Acetate. The results on the although he had a very short control 
12 cases studied are compiled in Tables 3 prothrombin time (14 seconds), the liyper- 
and 4. Although the ages ranged from prothrombinemia increased during the 
22 to 85 years, 11 of the patients were 50 embolic episode with a shortening of the 
or more years old. Eleven of the 12 sub- prothrombin time to 8.4 seconds, 
jects showed a significant shortening of Eight of the 12 subjects showed a 
the prothrombin time; the smallest was shortening of the plasma coagulation. 
0.4 second, as compared with 1.2 seconds This ranged from 0.8 to 5 minutes. Four 
for aminophylline, and the greatest short- of the patients exhibited a lengthening of 
ening was 6.8 seconds as compared with the coagulation time for which no explana- 

3. — The Effect of (I. V.) THEOPH-iEEiSE Sodium Acetate (0.5 Gm.) os Prothrombin' Timf 
Prothrombin time (sec ) 

Hours after taking of drug 


Name 

-Ace 

Sex 

Control 

1 

2 

3 

24 

XIa.ximum 

chnnae 

Diagnosis 

A. B. 

5G 

M 

22 0 

23 2 

21 2 

21 4 

17 4 

4 C 

Arthritis 

A. L. 

sl 

M 

19 2 

21 6 

20 0 

20 0 

18 8 

0 4 

Cerebral hemorrhage 

C J, 

73 

M 

22 8 

19.8 

18 4 

21 0 

10 8 

6 0 

Prostatic h\ pertrophj 

M. J. 

07 

M 

14 0 

13 2 

8 4 

10 S 


5 0 

Pulmonary infarct 

J. A. 

50 

XI 

20 4 

IS 2 

IC 0 

IS 0 

14 G 

5 8 

Coronar\ thrombosis 

E J. 

22 

XI 

18 6 

17 0 

22 h 

21 n 

14 8 

3 8 

Arthnti« 

J L. 

So 

XI 

20 0 

19 6 

17 2 

To 8 

OJ o 

2 8 

Cerebml hemorrhage 

W .XI. 

70 

XI 

22 4 

20 8 

16 0 

18 4 

17 4 

0 4 

Arthritis 

J D. 

85 

XI 

20 6 

17 8 

15 6 

17 2 

21 6 

5 0 

Coronar\ sclerosis 

J R 

35 

XI 

22 0 

15 2 

16 2 

18 0 

22 0 

0 8 

Bleeding peptic ulcer 

s p. • 

08 

XI 

22 0 

19 C 

22 0 

20 4 

21 2 

2 4 

Hemiplegia 

X. S. 

03 

XI 

20 8 

22 0 

21 6 

19 0 

22 0 

1 8 

rarkm«on*s disease 


T\ble 4»— Thk Effect ok (I.V.) Theophillike Sodium Acetate (0 5 Gm,) on Co\GVb\TiON Time 

Coagulation time (mm ) 


Hours after taking of drug 










Maximum 

Name 

Age 

Sex 

Control 

1 

2 

3 

24 ' 

change 

010 ^ 00*^13 

A. B 

56 

M 

8 0 

6 3 

9 0 

8 0 


11 -1 

Arthnti** 

A L. 

54 

M 

6 3 

7 3 

5 5 

6 0 


0 8 

Cerebral hemorrhage 

C J 

73 

M 

6 0 

7.0 

U 5 

7 0 


— 5 

Prostatie h>perttoph\ 

Xt J. 

67 

M 

2 5 

2 8 

3 0 

3 7 


-I 2 

Piilmonan infarct 

J A 

50 

M 

5 0 

5 S 

4 0 

6 0 

2 3 

2 7 

Coronary tlirombo^is 

E J. 

22 

M 

4 5 

4 0 

G 5 

5 0 

I 5 

3 0 

Arthriti'y 

J L 

55 

M 

S 5 

7 0 

8 5 

3 5 

0 5 

} 2 

Cerebral hemorrhage 

U XI. 

70 

M 

3 5 

9 0 

2 ? 

3 5 

4 0 

— 5 5 

ArthritiH 

J D 

85 

M 

8 0 

7 0 

7 5 

3 5 

10 5 

4 5 

Coronary «clero^i<( 

J R 

35 

M 

6 5 

4 5 

3 0 

3 3 

5 5 

3 5 

BUedmg peptic ulctr 

S I*. 

6S 

M 

5 5 

3 3 

5 0 

4 7 

0 0 

■> o 

Hemiplegia 

A. 

63 

M 

0 0 

3 5 

0 5 

7 5 

7 5 

2 5 

Parkm-on a di-ea*c 

9..5 seconds for 

am 

inophylline. 

The 

aver- 

tion 

can be 

given. 

Of those who liad a 


age decrease in prothrombin time was decrease in time, the average was 3.03 
4.29 seconds as compared to 4,7 seconds minutes as compared to 2.1 minutes for 


for aminophylline. In 5 of the 12 patients, aminophylline. The maximum decroiise 
the greatest hx'perprothrombincmic effect was evenly divided among the 1, 2, 3 and 
of the drug occurred after 24 hours; in 4 24 hour periods after injection, 

in 2 hours; in 2 in the 1st hour; and in 1 No correlation between the cfTcct on 
at the 3rd hour after injection. This is the prothrombin and coagulation times is 
in contrast to aminophylline where the possible; those cases (C. , I., M. ■!., U- 31., 
majority of the patients (141 had returned A. S.) with a lengthening of the coagtila- 
to their control level-, after 24 hours, tion lime showed the most significant 
Seven of the patients had a significant shortening of the prothrombin time, 
shortening as early as 1 hour. One of the Patients C. .1. and .1. .4. were tested with 
patients (M. -I.) uho had a pulmonary both aminophylline and theophylline uitli 
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SCHERF, schlachmak; 


mouth. Three patients were studied on 
4 consecutive days; 1 showed a maximum 
reduction on the 3rd day, 1 on the 4th 
and 1 on the 1st day. In 4 patients the 
prolongation of the prothrombin time 
varied from 0.8 to 4 seconds. This 
lengthening occurred with all 3 of the 
drugs used. 

A study of Table 5 indieates that all 
3 drugs were equally effective in reducing 
the prothrombin time, and that this reduc- 
tion equals that produced by the intra- 
^-enous meth 3 d.\'anthines. 

Seven of the 14 patients developed a 
shortened coagulation time ranging from 
0.5 to 5.5 minutes. The other 7 had a 
lengthened coagulation time of 1 to 5.5 
minutes. Again, no parallelism between 
the prothrombin and clotting times can 
be drawn for those who had a decrease in 
the prothrombin time showed an increased 
coagulation time; the reverse was also 
true. In 3 instances (U. M., S. S., and 
A. S.) prolongation of both the prothrom- 
bin and clotting times occurred after the 
oral administration of methylxanthines. 

Discussion. The investigations report- 
ed above show a definite shortening of 
the prothrombin time and of the plasma 
coagulation time following an intravenous 
injection of aminoph.vlline. The changes 
were often found within 1 hour after the 
injection and thcN- seem to reach a maxi- 
mum 4 to 5 hours later. Often the values 
were still abnormal after 24 hours. .V 
cumulative effect of injections adminis- 
tered dail.v for some time is therefore 
possible. 

The intravenous injection of theophyl- 
line with sodium acetate had a similar 
effect. Therefore the action is not bound 
to the cthylencdiamine'® which is used ns 
a solvent for the theoph.vllinc. 

The increased coagulabilitj’ of the blood 
following the administration of amino- 
phylline led to the recommendation of this 
drug as a st.vptic agent, 

Aminophylline and other methjdxan- 
thines are, however, widel.v emplo.ved for 
their diuretic effect in bedridden cardiac 
patients. The danger of thromlMisis in 


the veins of the lower extremities of sucii 
patients is great, since anatomic eudence 
shows that it occurs in more than 50% 
of all autopsies in a general hospital.'’ 
Aminoph^'lline is also used frequently in 
patients with coronary sclerosis who may 
at anj^ time develop a coronary thrombo- 
sis. It is often given for Chejme-Stokes 
respiration, where it has a specific effect. 
It is administered in cardiac asthma and 
is given to dilate the coronarj' arteries.- 
It is not probable that the changes in the 
prothrombin time per sc will have a detri- 
mental effect in a patient with a normal 
circulation who is not confined to bed. 
The possibilitj”, however, that the in- 
creased coagulabilitj’ of the blood will 
augment the clanger of venous thromi>osis 
in the bedridden patient or the risk of cor- 
onary’ thrombosis in a patient with coro- 
nary’ sclerosis merits serious consideration. 

During the last 20 years we have given 
aminophylline and theophylline with sod- 
ium acetate intravenously to a large num- 
ber of patients. Occasionally coronary 
thrombosis appeared during the treat- 
ment but this was considered to be an 
accident.al event. Perhaps now that 
attention has been directed to a possible 
causal relationship between such an acci- 
dent and the administration of mcfhyl- 
xanthincs more observations will l)c avail- 
able of such accidents. 

Perhaps the administration of rlicou- 
marin will be necessary in those patients 
in whom the methyl.xanthincs arc indi- 
cated.'' 

The cause of the hy’pcrprothrobincmia 
following the administration of methyl- 
xanthines is unknown. functional 

stimulation of the hepatic tissue has been 
suggested ns a causative factor.' 

Summary and Conclusions. Shortening 
of the prothrombin time and of the plasma 
coagulation time was observed in man 
follomng the intravenous administration 
of aminophy’lline and theophylline with 
sodium acetate. Methylxanthines, given 
orally’ Isavc a similar effect. 

Tlic clinical implications of these find- 
ings arc di.ecusscd. 
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90 SEAGER, SHOEJfAKER, WELLS, STECK: BLOOD LEVELS OF PEXICILLIX 


BLOOD LEVELS OF PENICILLIN AFTER VARIOUS FORMS OF 
ORAL ADMUUSTRATION 


By Lloyd D. Seagek, !M.D. 

Wm. G. Shoemaker, B.S. 

AND 

George "Wells, jM.S. 

PHILADELPHIA, PENXS^-LVANIA 

With the technical assistance of Sarah Steck 


(From the Departments of Pharmacology and Pharmacy, Woman’s Medical College and Hospital) 


The destructive action of the acid of 
gastric juice^ is the chief factor opposing 
effective administration of penicillin by 
mouth. IMany methods are applicable in 
part in overcoming this factor. 

We have investigated tlie following 
methods during the past year: 

A. The administration of penicillin on an 
empty stomach when gastric emptying will 
be rapid and acidity low. 

B. The use of various alkalies to bring 
the pH of the stomach contents up toward 
the 5 to 7 range where penicillin is most 
stable. We have confirmed the work of 
Gyorgj* et alJ' and Charncy d al." in this 
respect. 


ing would be one completely insoluble in acid 
and readih* soluble in alkali. Of various 
coatings tried, we have found a resin" most 
satisfactorj'. 

E. The use of an adsorbing agent that 
would release penicillin slowly. 

F. Combinations of the above methods. 

Procedure. Blood penicillin levels have 

been determined by the Fleming slide cell 
method’ and urine concentrations by the 
Oxford cup method.! 

One group of subjects were given the drug 
in aqueous solution without any accomiiany- 
ing medication. Part of these subject.s 
(Table 1) received the drug on an empty 
stomach and jiart received the drug after a 
meal. It is ob\'ious that the pre.-jence of 


Table I. — Blood Levels of Pexicillik .trrEn the Oil\l .-tnMiNTSTncTios or 100,000 L’xits 
OF Calcium Penicillin in Taf Wateii 

filooil IfVcN (Oxfon! limit per cc, of hlooU) 


Subject 

i lir. 

I hr. 

11 hr^. 

2 hr-. 

3 hr-. 

4 hr**. 

^ rxrrrtion 

s* 


0 OG 

0 0.3 

0 

0 


C G 

s* . 


0 12 


0 0.3 

0 



^Y* 

0 12 

D 12 

0 

0 OG 

0 


ir, 9 

St 

0 

0 

0 

0 



1 9 

Wt . . 


0 

0 

0 

0 


1 5 

St 


0 12 

0 

0 

0 


1 22 

Wt 

0 aa 

0 

0 

0 

0 


0 -IS 

n: 


0 21 



0 21 

0 03 

21 2 

* Empty stomach. 


t Full 

stomach. 



X Peraicious imcmm. 


C. The use of a substance that will hold 
penicillin in a suspension or .solution that 
docs not mix readily with the gastric con- 
tents and tliat will thus protect it from the 
acid ami serve to slow the ah-orption. 
Lihhy ft nf.' found that cottnn-sec<l oil 
.=cr\’cd this purpose to some extent. Wc 
have found a mixture of Lanolin and se-arnc 
oil! and also cocoa butter to be suitable. 

D. The u-^c of an enteric co.atcd cap-uie 
that will c.arrj' jiomeiUin to the .-mall into— 
tine lieforo disinfciHafin!:. The ideal coal- 


food greatly incrcai-e.s the dc.stniction of 
penicillin. Mlicri the drug was taken with 
a meal, no measurable amount was present 
in the blood at tlic end of 2 hours and only 
approximately 1 f ; was excreted in the urine. 
When taken on an empty stoinach, the 
amount excreted varied from (j.G I'l 
On I cxiicriment, it was noted that p^-nirillin 
apjiearcd in the urine H minutes after ora! 
medication. 

One group of subjects- (Table 2) wa- given 
the drm: dis-o!vcd in .a sap<-,nifie<i lanolin- 
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given 100,000 units of the drug -nith 20 cc. 
aluminum hydroxide gel. Blood levels were 
followed for 4 hours and urine concentration 
for 6 to 8 hours. Subjects were given a soft 
diet low in protein and fat. As compared 
to the controls it is apparent that the 
amount of penicillin absorbed is great!}' 
enhanced. Two subjects were giA'en 25,000 
units of penicillin in aluminum hydroxide 
gel prepared according to the method of 
Welch.'® This dosage was repeated ever}' 
2 hours for 4 doses. Blood and urine samples 
were taken at hourly inten'als for 7 hours 
and urine collections were continued at 
intervals for 24 hours. Xo blood lei'els of 
penicillin were demonstrable by our method 
at any time and only traces appeared in the 
urine after the 9th hour. 

Activated charcoal was found to re- 
move over 99% of penicillin activity, and 
all but traces of the color and taste of an 
aqueous solution that was passed through 
it. On taking 3 gm. of the charcoal con- 
taining 99,0004- units of penicillin by 
mouth in gelatin capsules, however, no 
measurable amount ■was found in the 
blood and only traces appeared in the 
urine. It was concluded that either char- 
coal did not prevent destniction by acid 
or held the penicillin too firmly to allow 
absorption. To test this hypothesis, 
100,000 units were passed through char- 
coal and assay of the filtrate showed that 
99,730 units had been adsorbed. The 
charcoal was taken in gelatin capsules 
along with 20 cc. aluminum hydroxide gel. 
•Again no measurable blood levels of peni- 
cillin were found and only traces appeared 
in the urine. 

Discussion. It is apparent that various 
methods may be employed to protect pen- 
icillin from destniction by the acid of the 
gastric juice. The results from the experi- 
ments described indicate that the use of 
alkali or the use of an enteric coating plus 
a suspending medium give the most sati.s- 
factory protection. Ga-stric acidity and 
gastric emptying are variable factors even 
in the same individual. .A .suitable ant- 
acid should be one which can be given in 
adequate amounts to neutralize the maxi- 
mum amount of acid expected without at 


the same time producing a highly alkaline 
reaction in those -unth normally low acid- 
ity. Other desirable features are the abil- 
ity to adsorb penicillin and the property 
of forming an adherent coating to the 
stomach and intestinal walls. A com- 
parison of the efficiency of various antacids 
is being conducted. 

Preliminary trials with some of the com- 
monly used enteric coatings, especially 
phenyl salicylate, keratin and stearic acid, 
showed them to be unsatisfactory. In 
regard to phenyl salicylate as an enteric 
coating, it is well to keep in mind the 
admonition of Sollman* that “a coating 
sufficiently heavy to be effective intro- 
duces large doses of salol.” Examination 
of capsules coated by routine methods in 
a pharmacy revealed them to contain 
0.5 gm. or more each. The maximum dose 
recommended is 2 gm. Fatal cases from 
phenyl salicylate administration’ add 
weight to Sollman’s admonition. The use 
of an enteric coating that depends pri- 
marily on a time factor is undesirable 
because of the variable emptying lime of 
the stomach and activity of the small 
intestine. The resin coating employed in 
the e.xpcrimcnts disintegrated gradually 
in an acid medium, but .slightly more 
rapidly in an alkaline medium. The time 
factor is apparently the dominant one 
with this coating. 

Tlic apparently firm adsorption of pep- 
icillin by activated charcoal makes this 
combination useless for oral administra- 
tion. Tliis observation is in agreement 
with the result of Henry and Henry* who 
found that penicillin inhibit.s the adsorp- 
tion of methylene lilue by activated 
charcoal. 

Summary. Penicillin has been gi%-en 
by the oral route with a nmnlier of vehicles. 
When given on an ernjity stomach in tap 
water, blood levels and urinary excretions 
are considerably greater than %vhen the 
drug is given after a meal. Penicillin, 
when given in solution in .''•afw»nifie<i Inrio- 
lin and sesame oil, show.s enhanced and 
prolonged bloofl levels and increased nrin- 
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The disease entity or entities included 
under the term ijifcdmis (non-spirochctal) 
hepatitis are apparently caused by a filter- 
able virus or group of such viruses which 
as yet have not been typed for identifying 
characteristics. Tlie disease is character- 
ized by non-suppurative hepatitis and a 
systemic response. Jaundice is usually 
an outstanding feature. In times of war 
epidemics may be extensive but generally 
the disease is sporadic. The incubation 
period approximates 3 to 4 weeks but 
under certain circumstances may be much 
longer.-’ The icteric phase of the disea.se 
runs a variable course of 3 to G or 7 weeks 
and is followed by complete clinical rc.so- 
lution after a somewhat prolonged con- 
valescence. The term infectious fnon- 
spirochctal) hepatitis does not include all 
types of infcctiou.s hcpatiti.s not due to 
Icptospiral organisms. Amebic licpatitis, 
yellow fever, and general infections, includ- 
ing syphili.s, pnciimococcic infection, ma- 
laria, tuberculosis, infectious inononucle- 
o.sis, streptococcal disc.'Lse and Oroya fever, 
arc cxcluflcd. a.s are the clinical picture.s 
resulting from hcpatotoxic cbemieal.s. 

Many terms have been used to dc“seribe 
this disease. Sporailic c;f:es have been 
eallcfl catarrhal jaiindirr. a term which 
very likely has included hepatic de- 


generation from toxic chemicals when 
the latter are unknown and probably 
other types of disease as well. Epi- 
demics have been traced to .sporadic cases 
and the pictures cannot lie distingiii.shcd. 
Even though some*’ may still feel they 
are .separate diseases, the problem cannot 
be settled until etiologic factors arc settled. 
The term catarrhal jaundice developed 
with Virchow'.s idea that a catarrhal in- 
flammation of the bile ducts was respon- 
sible for the picture. A.s late a.s in World 
War I the idea wa.s .still prevalent, and 
Hurst’^ iiclicved that catarrhal jaundice 
and infcctiou.s hcpatiti.s were iliffcrent di.s- 
ea.scs. Other tenn.s used include injcclinus 
hepatitis, infcctirc hepatitis, ejiideinir catar- 
rhnl jnumliee, common infcctirr lirpafir 
jaundice, tton-spirochctal infectious jaun- 
dice, catupaiffu jaundice, camp jaundice, 
or the equivalont.s in other languages, as 
icterc conlngicuT, jauncssr dc chain pr, or 
Kricgsictcrus. 

Etioloov. Recent work indicates that 
a filteraiile virus or group of viruses i' 
responsilde for the clinical picture. Char- 
acteristics .suitable for cla-sifying the acent 
are lacking. For many years the po"!- 
bility of a living agent as the eansc had 
been suipeeteil, ehiefiy beeaiisc of eja- 
fJemie oceurrence with .‘-ea-onal peak' m 
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fresh plasma and serum. It is the type 
seen in subjects following inoculation with 
certain batches (icterogenic batches) of 
yellow fever vaccine containing human 
serum. This symptom complex is not 
yellow fever.^ There is a difference in 
symptoms and furthermore the virus of 
yellow fever has not been isolated from 
these patients. The immune titer for 
yellow fever is constant as it is in those 
without jaundice. Also patients already 
immune to yellow fever have developed 
homologous serum jaundice and in some of 
those in whom immunity to yellow fever 
has not developed because of defective 
vaccine the picture has appeared. Addi- 
tional evidence rests in the development 
of the symptom comple.x after use of 
human serum without yellow fever vac- 
cine, especially after the use of measles 
and mumps convalescent serum. It has 
also been noted in diabetic and venereal 
disease clinics in which sjTinges, contami- 
nated witli serum of a previous patient, 
have been used on other patients without 
heat sterilization. With contaminated 
plasma as little as 0.01 cc. has been known 
to produce the disease. Thus, as well as 
in contaminated syringes witii small 
amounts of scrum, pooled plasma in which 
someone’s serum containing the agent has 
been added, though highly diluted by the 
other sera, can produce the disease. In 
casualties returned to the United States 
in the past war the frequency of tlie pic- 
ture has !)cen as high as 2 to 
The que.'ition immediately arises whether 
homologous scrum jaundice is identical 
with infectious hepatitis, or Avhether it 
is a separate disease process. Tliis will 
not be settled until the causative agent 
or agents of each arc more clearly i<ien- 
tified. The clinical manifestations arc 
strikingly the same, but cross-immuniza- 
tion apparently does not occur. Patients 
are known-'’*’ to tlcvelop infectious hepat- 
itis after having bad iwstvaccinal hepat- 
itis (yellow fever vaccine) a year before. 
Pturlies by Xcefc, .‘^tokes and Gellis*' 
indicate tliat volunteers recovered from 
homologous .^emin jaundice and then inoc- 


ulated with material known to contain 
a causative agent of infectious hepatitis 
developed hepatitis; controls, including re- 
inoculations with material of homologoin 
serum jaundice, were negative. Havens- ’ 
has obtained similar results. The modes 
of transmission are, of course, different. 
Also homologous serum jaundice is sel- 
dom connected with secondary casc.s, 
unlike infectious hepatitis. Tlie most 
striking difference in the 2 groups is the 
extremely long incubation period of hom- 
ologous serum jaundice. In yellow fever 
vaccine cases the period has been 9 to 
23 weeks (Turner ci In contami- 

nated syringe cases*’ this period has aver- 
aged about 3 to 4 months (AlarshalF*). 
E.xperimentally induced attacks produced 
by inoculations of the original dried pooled 
human serum from a blood bank which 
had been used in an icterogenic lot of 
yellow fever vaccine have shown incuba- 
tion periods between 59 and 129 days 
(MacCalhim and Bauer’-). Serum from 
volunteers who have developed the short 
incubation form after oral administration 
produces the short incubation form in other 
volunteers, whether given orally or par- 
enterally. Tiie agent has survived a tem- 
perature of 59° C. for 1 hour and storage 
in a dry slate at 0° C. for many months 
as well as in a liquid state for a consider- 
able time. The same characteristics hold 
for the agents of infectious hepatitis. 

The difference between the incubation 
period of naturally occurring infectious 
hepatitis (about 4 weeks) ami tlmt of hom- 
ologous serum jaundice (3 to 4 months) 
hiis been a strong argument that tliC'C 
disease states are separate entitie-s. The 
lack of facility in experimental transmi,— 
sion by oral adtninistralion of feces of 
homologous serum jaundice,’’ a.s com- 
parcfl to the ease of transmission of infec- 
tious hepatitis, is another point agairvi 
their unity, .\nother point which sug- 
gests a difference is the failure of hom- 
ologous serum jaundice to sprcafl frr/m 
patient to patient and the frequent sprc.'id 
in infectious hepatitis. In 1 study (Neife 
tt n/.’M, injection of homologous scrum 
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ed upon show in their livers swelling -with 
tissues stained green by bile pigments. 
Biopsies reveal cloudy swelling. With 
recovery the picture returns to normal. 
Recent studies (Lucki?'''’) of patients who 
died of accidents at variable intervals 
after infectious hepatitis have confirmed 
these Aoews by pro\'ing healing mth only 
slight residual traces of liver injury not 
indicative of persistent or progressive 
damage. 

Severe attacks of infectious hepatitis 
leading to death have supplied material 
for pathologic study. In the liver the 
picture resembles that of acute yellow 
atrophy. This form of yellow atrophy 
differs from that caused by hepatotoxic 
chemicals (Luckd*®”). 

Recent studies of livers in liomologous 
serum jaundice have sho^\m similar pic- 
tures with necrosis, atrophy, and varying 
degrees of regeneration. Councilman bod- 
ies, as found in yellow fever, have also 
been noted (Haymam’). 

Lesions in organs other than the liver 
also occur in infectious hepatitis. The 
spleen is enlarged in the majority of 
instances due to cellular proliferation and, 
in later stages, to congestion. Lymph- 
adenopathy appears. The kidneys may 
show the characteristics of the lower 
nephron sradromc, a cholcmic nephrosis. 
In late stages hemorrhages are common, 
especially in the lungs and g.'istro-intes- 
tinal tract as well as in other ti.ssues such 
as the heart, mediastinum and pleura. 
Elcctroc.ardiographic changes have been 
described (Louis-’), but the author has 
not been able to see the report. The bone 
marrow ishows moderate hj-pcrplasia. The 
brain may show non-specific degeneration 
of ganglion cells and at times a mild men- 
ingoencephalitis is seen. .•Vseites is fre- 
quent. 

SviirroM.s. The onset of .symptoms 
follows an incubation period averaging S 
to 4 weeks in the naturally occurring 
disease where knowledge of contacts has 
fK'nnittCfl mc.asurenient; in homologous 
serum jaundice the incubation period h.as 
average<l approximately 4 months. (Sec 


section on Etiology.) In sporadic c;uis 
no relationship to other cases may b 
established.'* The clinical symptoms ir. 
naturally occurring and homologous senir. 
jaundice are so similar that one dcscrip 
tion will suffice for both. 

Symptoms may not occur at all. Ir. 
epidemics symptoms without icterus and 
instances without symptoms but witl^ 
ex-idences of silent hepatitis have been 
found.*® Polloek'**' has reported instaucci 
in small children which he believes to Ik- 
symptomlcss attacks of infectious hepat- 
itis. Final etiologic proof is lackini:. 
IMien findings- do occur the course ami 
severity are variable. Three stages are. 
in general, recognized. A jnc-icterir 
stage of prodromal symptoms before 
jaundice and hepatomegaly appear lca(i< 
to an idcric stage in which hepatomegaly 
and jaundice arc present. The icteric 
stage is followed by a stage termed foii- 
valesccnl, when the disease takes its usual 
course, or final in those few instances in 
xvhich a fatal termination is imminent. 

Frc-idnic Stage. In several large set- 
ipgSioa ^]^;g stage has been definite in SSTr 
of the cases and hists generally about 
5 days. .All grades of severity arc seen, 
from mild to extremely prostrating symp- 
toms. Anorexia may be the chief sym 5 v 
tom. Epigastric distress, nausea, vomit- 
ing and weakness may appear. .-Mxloin- 
inal distention and cramps also devcloi). 
Occasionally malaise or urticaria may be 
seen. Headache, constipation or diarrhe.'!. 
and joint pains sometimes develop. In 
Bcrcovitz and Knoch's group, 13 of ol 
patients had prior .symptoms of upjH’r 
respiratory infection. In Havens' scries of 
200 patients in the Mi<ld!e East and in 
Bcrcovitz and Knoch’s and Fink.s arid 
Blurnberg’.s groups, the frequencies of thr 
s\-mptom.s arc shown in the table. 

At times the patient may complain f- 
nothing exrcpt perhajjs a feeling of hem: 
below par for a few day.s before jaimdi'"'' 
is noted. His attention may be draan !■* 
the jaundice by frieruLs. In gener.-il, !• 
type of onset varies greatly within t. ' 
same group of c.asf-s. Most u-u.'il i'* t'' 
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insidious onset with anorexia, epigastric 
distress and dark urine. At times a more 
acute onset is more frequent. In 1 out- 
break in the Lebanese Republic,®'* 70 % of 
the patients had onset with chills and 
moderate fever which subsided in 4 to 
5 days. In such instances the tempera- 
ture usually drops with onset of jaundice, 
or 24 to 48 hours before. In a Canadian 
epidemic®'* the average patient had sudden 
onset with fever, anorexia, nausea and 
abdominal pain. Fever in such instances 
may go to 104° F. or more. Headache 
may be severe and vertigo and generalized 
body pains, particularly in the arms, 
neck and legs, occur. About one-half the 
patients in Havens’ group had sudden 
onset with chills or chilliness and remittent 
temperature to 102° F. More usually 
fever, if present, is low grade. Finks and 


ed and the hippuric acid test in Finks and 
Blumberg’s*® experience has been helpful. 

Icteric Stage. After the onset of jaun- 
dice, or just before it appears, the tem- 
perature may become slightly elevated 
but not to the previous peak. The gastro- 
intestinal symptoms persist and are likely 
to be accentuated. Anorexia may become 
severe and nausea and vomiting, if not 
present before, may develop. Distention 
and heaviness in the epigastrium are com- 
mon. Right-sided abdominal pain may 
be accompanied by tenderness and simu- 
late acute abdominal disease. The depth 
of jaundice varies greatly; it may be light 
or deep and the average duration is about 
3 to 4 weeks, although periods of 5 to 
72 days, or even longer, are known. It 
usually reaches its height before the 10th 
day and then begins to recede. In general, 




Bercovitz 

Finks and 


Havens. 

and Knoch. 

Blumberg, 


percent. 

percent. 

percent. 

Anorexia .... 

.... 82 

88 8 

87 

Nausea 

.... 82 

87.0 

84 

Weakness .... 

.... 75 



Epigastric distress 
Abdominal discomfort 

.... 42 

37 0 


Vomiting .... 

. . . . * . 

27.7 

51 

Generalized malaise . 

• . . * • • 

25 9 

34 

Diarrlica .... 

. . . . • . 

11.0 

33 

Constipation . 


5.5 

22 


; Blumberg*® stress the occasional occur- 
1 rcnce of fever in postvaccinal hepatitis 
! and its frequent occurrence in their group. 
Similarly in the postvaccinal group inci- 
dence of dermatitis was high. Lymph- 
adenopathy was found frequently in the 
naturally occurring group and is often 
not mentioned in the postvaccinal cases. 

The interval from onset of symptoms to 
development of jaundice varies from 1 to 
18 days. In approximately 75% jaundice 
appears by the 6th day. The average is 
often given as 5 days. Hepatitis may 
occur without the development of jaun- 
dice and the diagnosis is likely to be 
missed except in an epidemic. The liver 
may be enlarged and tender and lymph- 
adenopathy may occur. Laboratory data 
may not be helpful and icterus indices 
may be normal as may the van den Bergh 
reaction. Urinary urobilinogen is increas- 


the symptoms of this period correlate with 
the icterus. Itching is not common with 
the jaundice. The stools may become 
light in color, often for a period averaging 
about 8 days, but are seldom typically 
clay colored. Ljunphadenopathy has been 
found in as high as 81% of naturally oc- 
curring cases and at times may be a 
striking feature. The nodes varied from 
the size of a small pea to that of an 
English walnut. The size and consistency 
vary. Early in the disease they may be 
soft, non-tender and discrete. Later they 
become firm, smaller and shotlike.*® 

When jaundice fails to appear the clini- 
cal picture, though othenvise a typical 
one, is likely to be milder than usual and 
of shorter duration. 

Fvial Stage. This stage occurs in those 
cases in which in the icteric stage events 
take a turn from the usual benign course 
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to a serious severe course resulting in 
death. In elderly patients and in preg- 
nancy the disease is sometimes prolonged 
and the symptoms may be severe. It is 
apparently more apt to occur when the 
indi\-idual is in a state of malnutrition or 
exhaustion when infected. This stage is 
so infrequent in occurrence that it does 
not constitute a part of the average case. 
Here jaundice continues and even in- 
creases. Acute liver failure ensues. Ner- 
vous symptoms, lethargy or coma alter- 
nating with restlessness, excitement, deli- 
rium, muscle weakness, scanning speech 
and exaggerated reflexes usher in this 
phase which usually occurs before the 
20th day of the disease, and most often 
within the first 10 days. 

Convalescent Stage. This stage, rather 
than the final stage described above, usu- 
ally follows the icteric period. In this 
period exercise is known to cause recur- 
rence of symptoms and signs and gradu- 
ated exercises are used as final criteria of 
clinical recovery. In about 10% of 
Barker’s^ cases, recovery has not taken 
place vdthin a 3 months period. 

PiiTSic.^i, Findings. In the prc-icteric 
stage physical findings are not outstand- 
ing. Tenderness may develop in the right 
upper quadrant of the abdomen and 
hepatic enlargement is also usually pres- 
ent before jaundice appears. Splenome- 
galy and lyrnphadenopathy may appear 
in this stage. Lympliadcnopathy has 
already been discussed. The outstanding 
finding of the icteric stage is, of course, 
jaundice. The liver, often already en- 
larged as stated above, increases in .‘^izc 
usually to 3 or 4 finger breadths below 
the costal margin. It i.s reported as 
palpable in anywhere from 20 to o%-er 
70% of the cases. Splenic enlargement 
appc.ars in 10 to 2.7% of the cases. In 
some epidemics'* splenomecaly has been 
reported in one-third of the cases. Ten- 
derness accompanies the hepatic enlarge- 
ment in two-thirds or more of the cases 
and may be present when the liver cannot 
be felt. Hepatomegaly usually correlates 
with the progress of the disease, re.aching 


its height, on the average, in 16 to 17 diy 
and then starting to recede. BradycanlL- 
is uncommon. 

Changes in the skin are sometimes sec;,, 
These include erythema nodosum, urti- 
caria, petechire and purpuric areas. Bleed- 
ing gums are also seen. In severe c-ascs 
with a prolonged course, spider nngioinat.a 
may appear. The final stage is clinrae- 
teri?,ed by an increase in icterus, com.a 
and the neurologic findinp stated alwvc. 
at times a shrinkage in the size of the liver, 
and sometimes hemorrhagic phenomenn 
such as epistaxis, hematemesis and licmn- 
turia. 

The convalescent stage is charactcriro'i 
by a recession of the phy.sical findings. 
Hepatomegaly may appear following exer- 
cise and occasionally jaundice may re- 
appear for the same reason. 

L.vnoR.vTORY Data. The laboratory 
data vary with the st.^gc of the disea‘e. 
In the prc-icteric stage measures of hili- 
rubincmia, such as the icterus index ami 
van den Bcrgh test, are normal except in 
the period immediately preceding tlie 
appearance of jaundice. Bilindu’nuria oc- 
curs 1 to 3 days before clinical jauiulicc 
appears. One-half to tiireo-ejunrfers of 
the oases (Barker*) show a positive cepha- 
lin cholesterol flocculation test in tlii- 
phase. At times the bromsuifniein atid 
alkaline phosphafa.'c tests may be abnor- 
mal. In this stage the blood .serlimenta- 
tion rate is not markedly elevated, a 
point held helpful by some in the dilTcr- 
entiation of other states in which fever i- 
associated with a raj)id sedimentation rate. 

In the icteric .stage the icterus imlex i-, 
of course, elev.'itcd. Figures to 100 or 1.'/' 
are not uni-ninmon and readings have ixen 
found over -300. In the 2nd to 3rd uecl:. 
often about the 10th day, the ieten:' 
inriex .starts down aiu! usually is nortii^l 
by the .')tb or 0th week. 'I'he ran ih n llrr". 
Tcaetinn is at first indirectly jKi-itivc, h'j’- 
may cliangc to a direct re.aetion .as tf- 
ietent> iiifh-x elevates, f'rfjahrae.r. !• 
found in abtiomial range a-- lia- leurr 
index ri-es. Tin- urine shows Id'K 
statcfi :il>/-)ve, in the terminal pha '■ 
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the pre-icteric stage. Albuminuria of 
mild degree is not uncommon. Stools 
become light in color during the early 
part of the icteric stage and may persist 
as such until the height of the disease. 
Although many patients describe stools as 
clay colored, seldom are such stools actu- 
ally present. The prothrombin time may 
be prolonged and, with severe liver dam- 
age, is not corrected by vitamin K therapy. 
As in the pre-icteric stage, the cephalin 
cholesterol flocculation test is positive in a 
high percentage of cases. The figure ex- 
ceeds 90 %. It is almost universally posi- 
tive in patients udth acute symptoms. 
It becomes negative in 3 to 4 weeks but 
at times may persist for 3 or 4 months. 
Other cddences of disturbed hepatic func- 
tion may appear. These include changes 
in blood proteins, as reflected in actual 
measurements or in the colloidal gold test, 
depression in scrum, amylase followed by an 
elevation and retention of bromsulfalein. 
Blood cholesterol levels may be elevated. 
In general, the glucose tolerance curve is not 
markedly changed. In anicteric cases dye 
retention and the cephalin cholesterol 
flocculation test are most important, as 
are the other tests (aside from those for 
bilirubin) mentioned above. 

The blood sedimentation rate is not 
markedly elevated. The white blood 
count is, in general, not elevated. Mod- 
erate leukopenia is often present, often 
starting in the pre-icteric stage. Atypical 
lymphocytes, often to 5 to 20%, similar 
in type to those seen in infectious mono- 
nucleosis, are seen.^® Heterophilic anti- 
bodies are absent. In about 5% of the 
cases the white blood count exceeds 10,000. 

Final Stage. In the few cases reaching 
the stage of acute yellow atrophy the 
white blood count is more likely to be 
elevated, even to 25,000. The usual find- 
ings of acute yellow atrophy are seen. 

Convalescent Stage. This stage is herald- 
ed from the laboratory standpoint by a 
reduction in the blood bilirubin to below 
2 mg. and the van den Bergh becomes 
indirect. The ictonis index drops below 


20 units. Likewise, the bromsulfalein re- 
tention is reduced. 

Diagnosis. The greatest difiSculty in 
diagnosis occurs in the pre-icteric stage, 
although with the diagnosis in mind one 
may suspeet its presence when anorexia, 
hepatic enlargement and hepatic tender- 
ness appear. Evidence to diagnose the 
disease in the pre-icteric stage may be 
meager. This is particularly true in those 
instances with fever. Aside from malaria, 
other eonditions to be considered in the 
differential diagnosis in this period in- 
clude upper respiratory infections, atypical 
pneumonia, infectious mononucleosis, en- 
teritis and influenza. In tropical areas 
besides malaria, sandfly fever and dysen- 
tery may be confusing. In an epidemic 
suspicion of the diagnosis is high and the 
laboratory findings already mentioned 
may be helpful in diagnosis. Pollock^’® 
has found in the early stages a qualitative 
change in serum bilirubin with the appear- 
ance of small quantities of bilirubin in 
the urine. He found that the pre-icteric 
stage of the disease is characterized by 
an abnormal retention of bromsulfalein, 
the excretion of small quantities of bili- 
rubin in the urine and the development 
of an abnormal direct van den Bergh reac- 
tion. The serum bilirubin and urine 
urobilin levels do not usually rise above 
normal limits until shortly before jaundice 
appears. 

Hallock and Head^® found that in troop 
concentrations the demonstration of path- 
ologic amounts of urobilinogen in the 
urine was very helpful in 9 out of 10 
patients in this stage. Gellis and Stokes'® 
have shovm that the methylene blue test 
for urobilinuria is positive in the pre- 
icteric stage. The cephalin flocculation 
test maj'- also be positive in the pre-icteric 
stage. Hflien fever is the problem in 
differential diagnosis Wood®® found the 
sedimentation rate below 10 mm. in 
S5% of the cases, a point he felt useful 
in differentiating malaria. Repeated ex- 
aminations for hepatomegaly and its ap- 
pearance, together with tenderness, are 
most helpful. There is no specific test 
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for the disease, and other forms of hepat- 
itis may be confused -wnth it at this time. 
The diagnosis toII not become certain 
until jaundice appears. In cases in which 
icterus does not deveiop the characteristic 
history and physical findings along with 
laboratory data indicated suggest the diag- 
nosis, especially in an epidemic or when 
the examiner keeps in mind the fact that 
such an entity exists. 

In the icteric stage diagnosis rests upon 
the elimination of infections, such as 
pneumococcic and streptococcic septi- 
cemia, malaria and syphilis, in which 
hepatitis is more or less incidental to sys- 
temic infection; other types of hepatitis 
in which the hepatic findings are tiie out- 
standing clinical features, such as yellow 
fever, leptospirosis, occasionally amebic 
hepatitis with jaundice, and infectious 
mononucleosis; and, finally, degenerative 
changes in the liver resulting from hepa- 
totoxic chemicals, such as arsenic, carbon 
tetrachloride and cincophen. If jaundice 
docs not appear in infectious hepatitis, 
hepatomegaly with tenderness will still 
demand differentiation of the above states. 

In the convalescent stage diagnosis will 
rest on history, possible persistence of 
hepatic dysfunction, its recognition by 
lai)oratory means, the niling out of similar 
states by such e\ndenec as negative sero- 
logic reactions for leptospirosis and infec- 
tious mononucleosis, along witli possible 
reactivation of the clinical picture by 
exercise. 

CoMruc.xnoNS. In general, complica- 
tions of infectious hepatitis arc not com- 
mon. Some of the so-called complications 
are actually less common clinical mani- 
festations of the disease itself. This is 
tnic of nervous symptoms, such as numl>- 
ness and weakne-ss of the limbs, and 
mciiinge.al symptoms early in tltc dise:L=c. 
Hemorrhage is in the same category'. 
Likewise, in the final stage, deseribe<l 
above, the pictiirc of acute yellow atrophy 
appears, with mental excitement, conci- 
sions and coma. Pulmonary, cardiac and 
gastro-intestinal symptoms arc well c-stal>- 
lished. .-Vs sequek'c to the di^ca'e, nephri- 


tis and cerebral hemorrhage are knotvn. 
Relapse of the clinical picture occurs, 
particularly when exercise has been per- 
mitted too early in the convalescent stage. 
Commonly the convalescent stage is pro- 
longed, especially if prostration has been 
marked. In some series,’ 5 to 109o of the 
patients- are not clinically well at the end 
of 3 months. 

Recurrence of infectious hepatitis in the 
same patient is considered uncommon but 
doci? happen. In 1 series” only 4 indi- 
viduals of 2614 bad had more than 1 epi- 
sode of jaundice. Nelson^ reported 2 pa- 
tients in whom 5 episodes of jaundice 
occurred and in whom he interpreted the 
episodes as recurrent infectious hepatitis. 
Inability to demonstrate the etiologic 
agent always throws doubt on the veracity 
of such reports despite elaborate means 
for differential diagnosis. 

Stokes, Owen and Holme.s’'' Imvc found 
as have others that neurologic findings 
have been protean. They liavc found 
4 main groups. First is the picture occur- 
ring in the fatal case with drowsiness, 
apathy, stupor, or maniacal .symptoms, 
coma, and convulsions, .symptoms found 
in ail types of aetitc hepatic tiecrosis. 
Second occurs the symptom complex of 
generalized or localized muscular rigidity 
with increased tendon reflexes arul at 
times choreiform movements. .Striata! 
and pyramidal signs are outstanding. 
Third large focal hemorrhages may occur 
in nervous tissue and at tinu-s produce 
loealrang signs. Finally, peripheral neu- 
ritis is descriiicd. 

In epiilernics in the .\rmed Ford's' there 
have been men who, de.sjiitc complete re- 
covery as attested by laboratory data, 
continue to show fatigue, riglit iipiar 
quadrant dheomfort, digestive di^tiirl^- 
•nnees, e-'pedally fat intolerance, innlnu- 
trition and emotional iiHtabilify, De-pit'- 
the lark of evidence n{ an organic h -ifiri 
to aerount for these symptom'^, tlie jiictim- 
h.ns shov.n a con-tant pattern. 

Chronic, per-i-tent, hepatic damacc h-' 
liecn shown in a small rmmijer of r.-'.""* 
Tliis may lie rnanifesterl as a l.atent hef.nt- 
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i^jgi ,27,25 persistent subclinical icterus 

and decrease in the bilirubin excretion 
test, in some patients years after attacks 
of infective jaundice. Symptoms, chiefly 
chronic gastro-intestinal complaints, have 
occurred, but often the disease is entirely 
latent. Bloomfield® believes that some 
such cases may gradually progress until 
eventually, perhaps after years, the clini- 
cal picture of hepatic cirrhosis appears. 
Others^® find a history of jaundice in 6.5 % 
of patients with cirrhosis and feel that 
possibly permanent structural liver dam- 
age may occur following such states. 
Although some discussion has been given 
these residual states, it must be remem- 
bered that the usual finding is complete 
recovery. 

Prognosis. In general, the course of 
infectious hepatitis is mild and the prog- 
nosis excellent. The mortality rate is 
extremely low, usually being given as less 
than 0.5%. The natural history of the 
disease depends to a considerable extent 
upon the condition of the liver prior to 
the onset of the illness and upon factors 
which affect its capacity for regeneration 
during the course of the disease. Thus, 
in elderly patients the course is more apt 
to be long and serious. Sequelae are more 
likely. Those with past liver damage and 
chronic alcoholism do not do well. In 
some outbreaks mortality has been higher 
in groups on less adequate diets.®® In 
pregnancy the picture is often a severe 
one and may prove fatal. The develop- 
ment of the final stage or phase, with the 
picture of acute yellow atrophy, is thought 
to be more frequent when treatment has 
been neglected early in the disease, espe- 
cially the neglect of rest.® Hemorrhage, 
especially with prolonged prothrombin 
time not responsive to vitamin K therapj^ 
is a serious sign. 

Treatment. Early diagnosis and insti- 
tution of treatment, especially in the pre- 
icteric stage, are thought to be most im- 
portant. The foundations of suceessful 
treatment are rest and adequate diet. 
.'Vriny experiences with homologous serum 
jaundice (Turner®®) and naturally occur- 


ring infectious hepatitis (Barker®) indicate 
the importance of rest. Patients who con- 
tinue to work early in the disease do 
badly. Early bed rest decreases the sever- 
ity of the disease and shortens the clinical 
and convalescent periods. Too early re- 
sumption of activity may result in recur- 
rence, increased hepatomegaly and a 
return of symptoms. The same is true 
in patients in whom intercurrent infection 
of the respiratory tract occurs (Finks^®). 

Dietary therapy is most important. 
Generally it is stated that a high protein, 
high carbohydrate, low fat diet enhances 
the results achieved by rest. There is at 
times some dislike for excessively high 
protein (200 gm.) diets, and where a free 
choice of diet has been permitted patients 
usually prefer a diet of normal proportions. 
Under any circumstances the protein in- 
take should not be low, and the carbo- 
hydrate intake should be high (400 gm.). 
Fat should be restricted. Anorexia may 
make for difficulty in intake of the proper 
diet. Frequent feedings are often helpful 
under these circumstances, but if nausea 
and vomiting make intake difficult intra- 
venous glucose, 5 jto 10%, is necessary. 
With protracted nausea and vomiting 
plasma or whole blood transfusion may 
be necessary to bolster protein intake. 
Two units of plasma a day ndll accomplish 
this end (Barker®). 

From experimental data on liver pro- 
tective diets, dietary supplements, espe- 
cially multivitamin preparations, would 
seem proper therapy. Certainly with 
hemorrhagic phenomena associated with 
reduced plasma prothrombin levels, par- 
enteral vitamin IC in 2 mg. doses is in 
order. It and vitamin Bi in excess have 
been thought harmful by some. The 
latter may be used in doses of 3 mg. daily 
by mouth. Adequate intake of other vita- 
mins is indicated but their use in excess 
is not indicated. Alcohol is contraindi- 
cated. The known prophylactic value of 
methionine and choline in liver disease 
suggests their use in therapy. In general, 
they have not been shown to affect the 
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clinical course measurably Doses 
of methionine have been 5 gm. daily. 

Pollock’s^'^ studies of liver function in 
infectious hepatitis were gauged by the 
hippuric acid sjmthesis tests and indicate 
that the ability to sjTithesize hippuric 
acid bore some relation to the severity of 
the attack and showed improvement from 
the time of admission to the hospital, even 
though the icterus index and jaundice 
increased. He stated that it is probable 
that maximum liver damage in this dis- 
ease most commonly occurs before the 
patient is admitted to the hospital. Spe- 
cific treatment is, therefore, not likely to 
have any striking success unless begun in 
the pre-icteric stage. 

Symptomatic and supportive therapy is 
applied as indicated. Morphine and bar- 
biturates arc to be used with caution 
because of the enhancement of their 
action in the presence of liver disease. 
.\tropine or belladonna is helpful for 
abdominal cramps. 

Tlie criteria of Barker, Capps and .-Vilen’ 
as to when the patient may be allowed 
out of bed include at least 3 weeks of bed 
rest, normal liver size^ or, if palpable, lack 
of tendemc.ss, absence of symptoms, espe- 
cially lassitude and anorexia, bilirubin 
levels normal for a week or, if elevated, 
under 2 mg. per 100 cc., or ictems index 
under IG. .absence of a prompt direct 
qualitative van den Bergh re.'iction. They 
think it desirable for the bronisulfalcin 
dye retention to be under 10 9o in 1 hour 
and better under G^J-. .-Vftcr the patient 
is ambulatory, he should be examined for 
incre.-i.se<l tenderness aofl enlargement of 
the liver which, if present, indic-.Ue further 
bed rest. 

I’r.r.vKNTtos. llic jwevenlive aspect.'- 
of itifective hepatitis are not yet on sound 
practical groumb, for the epidemiology is 
not well establidicd. Existing evidence 
that the patient is infectioti- in the pre- 
icteric stage also makt-s the problem of 
control difficult, Kviflen<x' tliat «lrf>pfet 
infection and spread through int<-stinal 
excreta are important lias almady been 
iliseussai. \V.ater-l>orne virus hx-s Iwen 


demonstrated (Neefc ct aZ.*’). Hence, 
measures to combat both of these romts 
of spread are in order. There is evidence 
that the complete inactivation of the 
causative agent in drinking water may 
require further modification of mctlioch 
used for water disinfection (Necfc el n/.“). 
No prophylactic vaccine has been devel- 
oped. There is some promise in the use 
of immune globulin in prevention of the 
disease when epidemics exist (Stokes and 
Neefe”). Results thus far justify its trial 
under such circumstances; in some groups 
the routine use of 10 cc. on admission of 
men with previous transfusions is now 
being tried. The results have not yet 
been published. Effectiveness of immune 
globulin in prophylaxis has been con- 
firmed in 2 field studies in the jMcditerra- 
ncan theatre (Gellis ei alJ'") which sug- 
gest that the globulin confers a period 
of passive immunity of at least 0 to 
8 weeks. Its use has also been confirmed 
in at least 2 institutional outbreaks in 
the United States. In 1, the case nite 
for jaundice in the controls was about 
10 times that noted among those Inoru- 
lated. It was effective when given in the 
incubation period, preferably earlier than 
6 days before the onset of .symptoms. In 
an outbreak in a borne for chiidren (Hav- 
ens and Patih*) striking differences in oc- 
currence of jaundice in inoculated and 
uninoculated groups were noted. Only 2 
of 97 inoctihitcd children dcvelojied jiiuti- 
<iicc and these appeared within G day.-i of 
the administnition of the gamma globulin. 
The long incubation ]>eriod of the flisea-e 
lends itself well to prophylactic injection-'. 
Doses used have varie<l from O.OG or 
0.(18 cc. to 0.12 or 0.1,7 cc. per jKiund of 
IkkIv weight intramuscularly. Apparently 
(Gellis ri once the initial symptom' 

apjwar globulin is not helpful. 

The prevention of homologous semm 
jaumiiri- has ncftinifilished in ps-’*- 

by ifie removal of human senirn from f! "* 
cTinlent of vaecitie.-. In syringe tr.st; - 
tniited Impatiti' prevention can D- ac-xcr.- 
p!L'he<l by steriliz.ation by d.-y b'-'-t 
(.ItV)' C. for I I:our) of ail syringe, and 
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apparatus used for parenteral injections. 
Thorough physical cleansing of syringes 
is essential. Transmission by transfusion 
from donors before onset of symptoms 
(Murphy®^) might be difficult to control 
(Snell et aU^) but certainly prospective 
donors with suggestive symptoms, with a 
history of hepatitis within the past year, 
with exposure to the disease within 
3 months, or with transfusions themselves 
within the past 6 to 8 months should not 
be used. The possibility of using a donor 
when he is in the incubation period or 
subclinieal stage is evident, especially in 


epidemics. The virus circulates in the 
blood probably for some weeks before 
jaundice appears. The possibility of 
“healthy carriers” has been brought out 
(Rappaport^®). Recently a report has 
indicated that ultraviolet irradiation (Oli- 
phant and Hollaender^®) of serum contain- 
ing the etiologic agent of homologous 
serum jaundice appears to inactivate it. 
This suggests that ultraviolet irradiation 
might be useful as a routine procedure in 
processing potentially icterogenic human 
serum or plasma. 
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Present day concepts of schizophrenia 
are largely based upon the formulations 
of ICraepelin, Bleuler and Meyer. Kraepe- 
lin^ brought together a group of mental 
disorders, previously considered diverse 
in character, which he labeled “dementia 
prsecox.” The common features of these 
disorders comprised: (1) a lack of interest 
and emotional reactivity, and (2) a weak- 
ness of judgment or evaluation without 
impairment of memory. Kraepelin’s de- 
mentia priecox was subdivided into the 
4 types which are still commonly em- 
ployed in psychiatric diagnosis: (1) sim- 
ple dementia, characterized by progres- 
sive withdrawal and lack of interests; (2) 
hebephrenia, characterized by looseness of 
thought, silliness, and poorly fixed hallu- 
cinations and delusions; (3) catatonia, 
characterized by the presence of fixed 
postures and waxy flexibility; and (4) 
paranoid forms in which persecutory de- 
lusions predominate. Kraepelin assumed 
that dementia prrecox was a degenerative 
disease of the brain or a metabolic dis- 
turbance and that the prognosis was 
uniformly poor. 

Bleuler introduced the term “schizo- 
phrenia” which was based on his recogni- 
tion of the absence of a true dementia and 
his concept of the “splitting of the psyche.® 
Tlie “basic symptoms” of schizophrenia, 
as outlined by Bleuler, were: (1) dis- 
turbances of association of ideas leading 
to incomprehensible, incoherent produc- 
tions; (2) disturbances in affectivity with 


emotional indifference or unnatural ex- 
pression of emotion; (3) “schizophrenic 
ambivalence” in which mutually exclu- 
sive ideas exist side by side; and (4) lack 
of memory impairment. 

Meyer, ^ unlike Kraepelin and Bleuler, 
was not convinced by the evidence in favor 
of the organic origin of the disorder. He 
emphasized the clinical picture not as a 
disease entity, but rather as a type of 
reaction in certain personalities as a result 
of a progressive difficulty in adaptation. 
He noted that no true dementia or deterio- 
ration as seen in organic brain disease 
was present but that the accumulation 
of faulty habits of reaction led to a “ habit 
deterioration.” By the schizophrenic re- 
action type (or parergasia, as Meyer pre- 
ferred to call it) was meant “those dis- 
turbances developing in particular consti- 
tutional types and expressed in vague, 
autistic fancy, projections, passivity, para- 
noid systemization, formal disorders of 
language and behavior, incongruity of 
affect and motility disturbances.” The 
attempt was made “ to avoid any fatalistic 
concept, recognizing deterioration as an 
end-stage of certain cases only, but pre- 
ferring to focus on factors of modifiability 
and potential re-synthesis.” 

Classification. IMost recent vTiters 
recognize the futility of attempting to 
divide schizophrenic disorders into sharply 
demarcated groups. Kraepelin’s classifi- 
cation has continued to be used in spite 
of the difficulty in forcing many cases 
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into. 1 of his 4 types. "iMiile noting the 
impossibility of making rigid categories 
and recognizing the frequency with which 
a patient will shift from one pattern to 
another, Terry and Rennie^® have never- 
theless suggested a number of clinical 
reaction patterns which they felt could 
be profitably used in the study of schizo- 
phrenia: Group L Aggressive reaction, 
associated with paranoid trends or hypo- 
chondriacal delusions. Group II. Con- 
version reaction, with fantastic experiences 
of rebirth, spiritual missions, and self- 
punishment or self-sacrifice. Group III. 
Passivity reaction, ndth obsessive-com- 
pulsive ritualistic behavior or with periods 
of stupor sometimes alternating with 
periods of excitement. Group IV, Deli- 
roid reaction, with episodes of odd over- 
actmty with deliroid features suggesting 
the influence of a toxic condition. Group 
V. Affective reaction, with emotional dis- 
orders, especially depression, either at 
the onset or occurring in cyclic form. 
Group VI. Defeatist reaction, with incon- 
gruous day-dreams and delusions, empty 
and vague thinking, and slovenly personal 
and social habits. 

Hanfmann and Kasanin,®^ in a study of 
conceptional thinking in schizophrenia, 
found that their cases fell into the follow- 
ing 6 groups: (1) “Neurotic” schizo- 
phrenic cases, in which the schizophrenic 
reaction comes only as a last resort, when 
neurotic defenses (obsessive or hypochon- 
driacal neuroses) fail. (2) Acute episodic 
psychoses vdth marked overacti^^ty, ex- 
treme dramatization of conflicts in a 
setting of fairly good contact -ftith reality, 
and a tendency toward clear intervals. 

(3) Cases with a paranoid tinge with mild 
ideas of reference and occasional hallucina- 
tions, frequently associated "vshth a history 
of alcoholism and homosexual conflicts. 

(4) Cases of “primary thought disorder” 
in which there is a striking involvement 
of intellectual functions with marked 
incoherence and irrelevance. (5) “Cases 
shoving marked dissociation with exten- 
sive compensatory fantastic elaboration 
with primitive archaic ideas of omnipo- 


tence coming to the surface, with the 
feeling of a certain mission in life that has 
to be performed, and vith a variable 
regard for the ordinary realities of life.” 
(6) Old cases of schizophrenia with ideas 
of reference and delusions of persecution 
associated with little emotional reaction 
to these ideas. 

Etiologt. No general agreement has 
been reached as to either the homogeneity 
or the etiology of the schizophrenic reac- 
tion. The trend in this country is to 
stress psychogenesis, although heredity 
and constitution, neuropathologic changes, 
and disturbances in biochemistry and 
physiology are still actively discussed as 
pathogenic features. 

Sullivan,^® for one, has questioned the 
unity of these disorders. He expresses the 
belief that 2 etiologically different reac- 
tions are included. One is characterized 
by an insidious development and a poor 
prognosis with signs and symptoms point- 
ing to an organic degenerative disease. 
Sullivan is content to retain the Kraepelin- 
ian term, dementia prrecox, for this group. 
He restricts the term schizophrenia to 
cases which he feels are primarily a “dis- 
order of li\ing” and without organic sub- 
strate. “The person concerned becomes 
schizophrenic as one episode in his career 
among others, for situational reasons, 
more or less abruptly. He may have 
had months or years of maladjustive liv- 
ing . . These patients are capable 
of recovery. 

Meduna and McCulloch^® have pursued 
a different course in dividing the schizo- 
phrenic disorders, largely neglecting psy- 
chogenic considerations. They recognize 
a “true” schizophrenia in Bleuler’s sense 
with: (1) a disturbance of associations 
or weakness of judgment; (2) loss of 
interest and effect; and (3) lack of defect 
in perception, orientation and memory 
(sensorium). The onset in these cases is 
said to be insidious and the outcome 
characterized by progressive impairment 
of the mental and emotional life. Another 
group, labeled by Meduna and McCul- 
loch as “oneirophrenia,” is characterized 
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by a more or less acute onset with the 
symptomatology similar to the first group 
except for the impairment of the senso- 
rium with confusion and disorders of 
perception and recollection. The symp- 
toms are reversible, and the prognosis is 
generally good. This disorder is said to 
be due to a disturbance in carbohydrate 
metabolism (see below). 

It is not entirely clear, but seems possi- 
ble that Meduna and McCulloch’s “ schizo- 
phrenia” corresponds to Sullivan’s “de- 
mentia prtecox” and their “ oneirophrenia” 
to Sullivan’s “schizophrenia.” What is 
to Sullivan a “disorder of living” is to 
Meduna and McQulloch a “disorder of 
carbohydrate metabolism.” 

Heredity. It is inevitable that lack 
of agreement regarding etiology and classi- 
fication should be accompanied by diver- 
gent opinions regarding heredity. The 
most exhaustive recent study of heredity 
in schizophrenia is that of Kallmann/* 
whose material included 10S7 schizo- 
phrenic patients admitted to the Berlin- 
Herzberge Hospital between 1893 and 
1902 with their 3279 parents, husbands 
and wives, 3384 direct descendants, 3920 
brothers, sisters, half-brothers and half- 
sisters, and 2194 nephews and nieces. One 
gains the impression that the author has 
set about his task with the intent of 
proving something of which he had already 
convinced himself. This may perhaps be 
gathered by a preliminary statement, 
“The principal aim of our investigation 
was to offer conclusive proof of the in- 
heritance of schizophrenia . . 

According to Kallmann, the probable 
incidence of schizophrenia among the off- 
spring of schizophrenics is 19 times greater 
than in the general population. The 
grandchildren, nephews and nieces are 
about 5 times as likely to become schizo- 
phrenic as the average person. Qualita- 
tive biologic differences were found be- 
tween the hebephrenic and catatonic types 
(the “nuclear” group) and the paranoid 
and simple types (the “ peripheral ” group), 
the simple type including cases with a 
mild, episodic course without marked 


tendency to deterioration. The e.xpecta- 
tion of schizophrenia for an undifferenti- 
ated group of schizophrenic offspring of 
schizophrenic patients was 16.4%, for 
siblings 11 . 5 %, for half-sisters and half- 
brothers 7.6%, for nephews and nieces 
3.9%, and for grandchildren 4.3%. In 
the “nuclear” group the e.xpectancy fig- 
ures are 20.9% for offspring and 12.9% 
for siblings, the first figure being about 
double and the second about If times the 
corresponding rates in the “peripheral” 
group. Kallmann expresses the belief 
that the pathogenesis of schizophrenia 
represents a complex, though specific, 
hereditary process. He assumes that the 
genotype of schizophrenia is a single re- 
cessive trait, penetrating with a probable 
manifestation of about 70 %. “ The mode 
of manifestation seems to depend on the 
total constitution, which probably deter- 
mines the disease form in the individual 
and is in turn conditioned by special 
hereditary factors.” Kallmann’s statis- 
tics led him to the conclusion that no 
biologic or hereditary relationship exists 
between schizophrenia and other abnor- 
malities such as epilepsy, neurosyphilis, 
feeblemindedness, alcoholism and crimi- 
nality, 

Kallmann advises the employment of 
extensive eugenic methods for eradication 
of the disorder. Sterilization of schizo- 
phrenics themselves would prevent but 
1.7 to 3.4% of the total number. Eugenic 
prophylaxis should therefore be directed 
toward the tainted families; in certain' 
cases there should be legal power to inter- 
vene. The “establishment of State ar- 
chives of the tainted families” is also 
recommended. 

Barahal,® in a brief study, agrees with 
Kallmann that the genetic analysis of 
schizophrenia shows a recessive inheri- 
tance of the main gene concerned, “but 
an irregular e.xpression of the gene due to 
the modifying effects of both secondary 
genes and A’arious environmental influ- 
ences.” He believes that while mental 
hygiene, psychotherapeutic and shock 
measures should be utilized, schizophren- 
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ics and their closest blood relatives should 
be discouraged from bearing children. 

Pollock, Malzberg and Fuller « using 
data derived from the New York State 
psychiatric hospitals, agree that schizo- 
plu-enia arises more frequently in tainted 
families. They state that the type of 
psychosis, whether schizophrenic or manic- 
depressive, is more related to family his- 
tory than to the precipitating situation. 
Malzberg^® believes, however, that a single 
recessive factor, as suggested by Kallmann, 
does not adequately explain the inheri- 
tance. The fact that in Kallmann’s study 
the incidence of schizophrenia in offspring 
is greater than in the siblings, has also 
led to the denial of the recessive character 
of the heredity and the postulation of a 
dominant characteristic (Mayer-Gross and 
Moore^^). 

Terry and Rennie,®® in a comprehensive 
study of 77 patients, were impressed ndth 
the role of familial incidence in the back- 
ground of their patients. The study lacks, 
however, any control material. In only 
4 cases was no abnormality reported in 
the background. In 61 cases there was 
some type of familial psychiatric disorder; 
in 40 of these the disturbance was in the 
parents. The parents had actual psycho- 
ses in 23 cases, but in only 5 of these was 
it schizophrenic. In 29 cases there were 
actual psychoses in ata^'istic or collateral 
relatives. In an additional 12 cases, 1 or 
more relatives exhibited various character 
abnormalities. The authors conclude, 
"In considering the constitutional make- 
up of our patients, we are forced to accept 
the er’idence of familial instability as well 
as to realize that these psychotic and 
unstable relatives contribute to the inse- 
curity of the en\dronmental background 
in which these, patients were developing.” 

Psychogenesis. In Terry and Rennie’s 
evaluation of 77 patients®® udth detail- 
ed case studies, environmental factors 
“emerge as extremely important in the 
development of personality features that 
make for difficulty. Equally evident is 
the fact that their families fell into ex- 
tremes of solicitude and over-attention on 


the one hand and, on the other, states of 
nagging, pushing and comparison with 
better-adjusted siblings calculated to in- 
crease the gap between this child and the 
others or the outside world. Difficulties 
between the parents or the deprivation of 
a parent seems to contribute further to 
the insecurity of these children. The 
parental make-up is extremely important, 
and we find a large number of these 
children vdth the added disadvantage of 
daily contact mtb psychotic, eccentric, 
or emotionally unstable parents. A promi- 
nent feature of the family constellation 
is the pushing and nagging to which these 
children were exposed .in an attempt by 
their families to have them reach the 
achievements for which they were not 
equipped, or an attempt to keep them 
apace with more gifted or successful 
brothers and sisters. In these children 
we find ample evidence of childhood in- 
stabilities being further subjected to 
environmental stresses making for increas- 
ed uncertainty, insecurity and instability. 
It is impossible to study this material 
vnthout being impressed by the importance 
of the family constellation and of the 
effects of maladjustments ndthin the fam- 
ily in contributing to the gronring timidi- 
ties and insecurity of the cliildren.” 

Of the 77 patients, 60 showed states of 
dependence on family overmanagement or 
overattacbment to the family. Of the 60, 
52 e.xhiblted such childhood difficulties as 
enuresis or “delicate health.” Of the 
remaining 17 patients, all but 1 showed 
evidence of family difficulties such as 
undue emotional attachment, poor eman- 
cipation, negatmstic attitudes or poor 
adjustment to loss of a family member. 
The mother played the most significant 
role in the overdependence, somewhat 
more frequently in the male patients than 
in female patients. Presumably associ- 
ated with the frequency of family depen- 
dency, resentment states, and difficulties 
in achie\ring emancipation, 71 of the 
77 patients never attempted or had diffi- 
culties "with ventures outside the farailj 
(scholastic, occupational, marital). Per- 
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sonality difficulties were accentuated in 
marriage. Difficulties and inadequacies 
were evident in the sexual sphere in 58 
cases. Of these patients, 34 were either 
aloof or deliberately avoided contact with 
the opposite sex. In 22 cases autoeroti- 
cism was a focus of anxiety, while homo- 
sexuality played a similar role in 15 cases. 

Fromm-Reichmann,^^ choosing to ignore 
or minimize constitutional factors, explains 
the development of the schizophrenic 
state on the basis of early infantile trau- 
matic experiences, in contrast to those 
occurring in later childhood as found in 
psychoneurotics. “We think of a schizo- 
phrenic as a person who has had serious 
traumatic experiences in early infancy at 
a time when his ego and its ability to 
examine reality were not yet developed. 
These early traumatic experiences seem 
to furnish the psychologic basis for the 
pathogenic influence of the frustrations 
of later years.” Such early traumata 
inflict greater damage on the personality 
than those occurring later. 

“In addition, early traumatic experi- 
ence shortens the only period in life in 
which an individual ordinarily enjoys the 
most security, thus endangering the abil- 
ity to store up, as it were, a reasonable 
supply of assurance and self-reliance for 
the individual’s later struggle through life. 
Thus is such a child sensitized consider- 
ably more towards the frustrations of 
later life than by later traumatic experi- 
ence. Hence, many experiences in later 
life which would mean little to a “ healthy ” 
person and not much to a psychoneurotic, 
mean a great deal of pain and suffering 
to a schizophrenic. His resistance against 
frustration is easily exliausted. Once he 
reaches his limit of endurance, he escapes 
the unbearable reality of his present life 
by attempting to reestablish the autistic, 
delusional world of the infant, but this 
is impossible because the content of his 
delusions and hallucinations are natur- 
ally colored by the experiences of his 
whole lifetime.” 

Neuropathology. In spite of many 
years of observation, no consistent abnor- 


malities in brain structure have been 
noted. The studies of early neuropathol- 
ogists, especially Alzheimer, showing cor- 
tical ganglion cell degeneration and fatty 
deposition have been verified by some 
recent observers and refuted by others. 
The attitude toward the histologic find- 
ings seems more determined by the train- 
ing and orientation of the observer, 
whether he is neuropathologically or psy- 
chologically inclined, rather than the 
actual evidence. 

The confused thinking in this regard is 
well illustrated in Hassin’s textbook of 
neuropathology.'^ He introduces the sub- 
ject by stating, “The several clinical 
forms of the mental disorder known as 
schizophrenia or dementia prsecox are con- 
sidered organic diseases of the brain, and 
not functional disorders . . .” This 

is followed by a deseription of a variety 
of pathologic observations “not uniform 
or typical enough to enable one to make 
a diagnosis under the microseope,” includ- 
ing ganglion cell changes in third, fifth 
and sixth layers of the cortex, occasional 
foci of gliosis and accumulation of lipoids. 
In contrast to the preliminary assumption, 
Hassin concludes, “ It is rather significant 
that regardless of the enormous effort and 
time spent on the study of the pathology 
of dementia prrecox, the results are in- 
significant. ... It is questionable, 
whether even the changes described above 
are not secondary, due to the long dura- 
tion of the disease with its unavoidable 
somatic complications.” 

A number of reports have appeared 
recently concerning patients with schizo- 
phrenic syndromes in which definite and 
severe neuropathologic features were found 
at postmortem examinations. One of the 
most interesting is that of Holt and 
Tedeschi.^ The patient had been in a 
state hospital in 1924 for 5 months with 
the diagnosis of catatonic dementia prrecox 
and was discharged as completely recov- 
ered. Eighteen years later he again devel- 
oped a severe catatonic episode and died. 
There were no abnormal neurologic find- 
ings during his illness. Histologic studies 
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disclosed a primary demyelinating process 
characterized by sharp demarcation and 
limitation of lesions to the cerebral white 
substance. Polatin et aL^ describe 2 pa- 
tients, hospitalized over long periods of 
time for schizophrenia, who showed signs 
of cerebral atrophy in pneumo-encephalo- 
grams and degenerating nerve changes on 
biopsy study. Interestingly enough, 1 of 
the patients was improved follonung 
electric shock therapy. 

Roizin et o/."*® report an ‘ acute sym- 
metric demyelinating process in a woman 
who died after a brief acute psychosis 
resembling catatonic schizophrenia. “ The 
relationship between the clinical symp- 
toms and the pathologic changes is em- 
phasized not to create an organic concept 
of schizophrenia but merely to illustrate 
that a demyelinating process acting as a 
somatogenic factor may precipitate, in 
certain cases, an acute mental syndrome, 
which may or may not be associated mth 
fleeting neurologic symptoms, the evalua- 
tion of which is at times difficult.” The 
authors postulate that certain individuals 
have a constitutional predisposition to 
react with schizophrenic pattern whether 
the precipitating stimulus be psychogenic 
or organic disease of the brain. They sug- 
gest that the 1924 catatonic episode of 
Holt and Tedeschi’s case was precipitated 
by psychogenic stimuli and the later cata- 
tonic episode by the demyelinating process. 

Ferraro, quoted by Roizin ef al., has 
emphasized that the following possibilities 
must be considered where pathologic 
changes are discovered in cases of schizo- 
phrenia; “(o) The changes may be the 
e.vpression of organic complications in the 
course of schizophrenia; (6) the changes 
maj' be the expression of a primary 
organic disease; (c) the changes may be 
the expression of the composite picture, 
in which soma and psyche integrate each 
other. The acceptance of the first or the 
second possibility may be confusing or 
misleading unless the third possibility is 
first evaluated and accepted or discarded. 
The third interpretation stems out of the 
concept that schizophrenia must be view- 


ed from the standpoint of psychosomatic 
integration. The organic cerebral change 
could therefore be considered neither as 
the cause nor the complication of schizo- 
phrenia, but as the result of interplay of 
soma and psj'che in the determination of 
the structural pathologic process.” 

Biochemistry, Physiology. Chemical 
studies of isolated blood constituents have 
not resulted in significant contributions to 
the understanding of the schizophrenic 
process. Recently, but few such studies 
have appeared. Katzenelbogen and Sny- 
deri- have analyzed the blood serum for 
sodium, potassium, calcium, magnesium 
and inorganic phosphorus and chloride 
and found no significant differences as 
compared with a control group. The 
blood bromine content has been found to 
be lower in schizophrenic subject (0.55 mg. 
%) than in normals (O.Sl mg. %) (Wikoff 
cf but no suggestion is made con- 

cerning the significance of the finding. 
Limited progress appears to have been 
made, however, utilizing more dynamic, 
phj'siologic methods. 

Katzenelbogen et al.^^ studied the dex- 
trose content of arterial (femoral) and 
venous (internal jugular) blood. They 
found the dextrose values of both the 
arterial and venous blood to be lower in 
their group of schizophrenics than in a 
normal control group. However, the dif- 
ference between arterial and venous dex- 
trose values was greater in the schizo- 
phrenics than in the controls. The 
authors suggest that at least certain 
schizophrenic patients have a lower car- 
bohj'drate metabolism than normals. The 
higher differences in dextrose between 
arterial and venous blood, however, sug- 
gest a more intense carbohydrate metab- 
olism in schizophrenics. Some of the 
patients had a lower o.xygen content of 
arterial and venous blood and a lower 
arterial-venous difference in oxygen than 
in a control group, indicating a dimin- 
ished intracranial oxygen metabolisro- 
The average arterial-venous difference in 
carbon dioxide content was also lower. 
Such analyses are of limited value in 
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view of the small number of patients 
studied (12), the lack of significant devia- 
tions and statistical control, the paucity of 
clinical data, the conflicting results, and 
the fact that the control group of “nor- 
mals” was collected by other workers 
(Gibbs et al.). 

Horvath and Friedman^® noted a delay 
in the hypoglycemic effect and the subse- 
quent recovery after intravenous adminis- 
tration of insulin in schizophrenic patients 
when compared with normal subjects. 
Glucose tolerance curves were found by 
Proctor et to have an abnormally 
prolonged interval before returning to 
fasting levels, indicating a decreased glu- 
cose tolerance. These curves tended to 
return to normal following recovery, re- 
gardless of the type of therapy employed. 
Patients with apparent recoveries in 
whom the glucose tolerance curve did not 
improve often relapsed and the authors 
feel that the test may be of some prog- 
nostic importance. 

The cases with acute onset with cloud- 
ing of consciousness described by Meduna 
and McCulloch''® as “oneirophrenia” (see 
above) are said by these authors to be 
associated with a disordered carbohydrate 
metabolism. This disorder is character- 
ized by a diabetic-like Exton-Rose glucose 
reaction, a slow return to normal of the 
blood sugar curve, resistance to insulin, 
and an abnormally large output of an 
anti-insulinic factor in the urine. (Med- 
una had previously shown that 00% of 
schizophrenic patients had an anti-insulin 
factor in their blood.) The carbohydrate 
metabolism returns to normal with the 
disappearance of symptoms. It is appar- 
ently assumed by these authors that the 
metabolic defect is the causative factor! 

Gcllhorn,'' on the assumption that 
schizophrenia is associated with deficient 
reactivity of the sympathetic nervous 
system, has attempted to show that all 
“successful” treatments of schizophrenia 
are effective because of stimulation of the 
.sympathctico-adrenal system. This is 
said to be accomplished for the most part 
by the production of a lowered oxidative 


metabolism of the brain. That a relative 
anoxia leads to increased sympathetic dis- 
charge is shown by the rise in systemic 
blood pressure that occurs upon breathing 
a gas mixture low in oxygen. Gellhom’s 
experiments show that insulin hypogly- 
cemia diminishes cerebral oxygen con- 
sumption and thus leads to sympathetic 
stimulation. Metrazol, even when con- 
vulsions are eliminated by curarization, 
acts similarly. The combination of hypo- 
glycemia and oxygen deficiency produces 
greater sympathetic stimulation than even 
complete asphyxia. “If, as has been 
shown, successful treatment of schizo- 
phrenia is in essence due to nothing other 
than strong and lasting excitation of the 
sympathetic division of the autonomic 
system, involving profound alteration in 
the oxidative metabolism of the brain, it 
is to be expected that deficiency in the 
reactivity of the sympathetic system is a 
basic feature of schizophrenia.” 

In a later study Gellhorn et find that 
normal and schizophrenic patients have 
the same amount of insulin and glucose 
in the blood in the absence of emotional 
excitement. During emotional excite- 
ment, however, the insulin content of the 
blood is greatly increased in psychotic 
patients and in most instances the blood 
sugar remains unchanged. When the 
blood is injected into a test animal, the 
increased insulin concentration leads to a 
marked fall in blood sugar and coma. 
Normal persons, on the other hand, show 
a slight rise in blood sugar with emotional 
excitement and their blood produces no 
fiypoglycemic reaction in the test animal. 
“The experiments are interpreted to mean 
that the balance of the autonomic centers 
in psychotic patients under emotional 
stress is shifted toward the vago-insulin 
side whereas in normal persons the sym- 
pathetico-adrenal system greatly predomi- 
nates.” These findings and conclusions 
are not at all consistent with those of 
Horvath and Friedman, Proctor ct al., 
and Meduna and McCulloch and require 
further validation. 

A number of investigators’®"'*- have 
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ration was to Kraepelin an essential 
feature of “dementia prsecox.” Though 
denied as inevitable by Meyer, Bleuler 
and other psychiatrists during the early 
portion of the century, the concept of 
deterioration has continued to be com- 
monly accepted as a definite feature of 
at least certain cases. Numerous psycho- 
logic studies during the past 30 years 
have sho^vn that the disturbance in think- 
ing observed in the schizophrenic process 
is not identical with that seen with organic 
brain disease or feeblemindedness and that 
the disturbance is not necessarily an irre- 
versible one. Among some of the more 
recent discussions of deterioration in 
schizophrenia are those of Kendig and 
Richmond^^ and Cameron.^ 

The study of Kendig and Richmond is 
based on an analysis of the psychologic 
examinations given at St. Elizabeth’s 
Hospital during a 15 year period. The 
median mental age of the schizophrenic 
group was 11 years 5 months, about 
2 years below the norm for the general 
population. They noted that the patients 
as a group showed inferior learning ability 
even during their school years. This 
difficulty could not be accounted for on 
the basis of early onset of the psychosis. 
“ Bringing together these specific findings, 
our general conclusion is that the dementia 
prajcox mind is blunted and dulled. This 
intellectual inferiority is not primarily 
due either to deterioration or to temporary 
impairment resulting from the psychosis, 
since it shows itself in extensive school 
failure long before the actual breakdown 
and, in most cases, before the occurrence 
of the first premonitory symptoms of the 
disease. While in some instances it may 
be congenital, our case histories suggest 
that more often it is the product of the 
emotional maladjustments which later 
play an important etiologic role in the 
precipitation of the psychosis.” Whether 
or not the basis for school difficulties is 
of congenital origin or due to emotional 
conflicts, the problem remains the same. 
“A personality inadequate to meet the 
everyday exigencies of life may, as the 


stress becomes greater with the years, tend 
to escape, or be precipitated, into psy- 
chosis. This amply explains our test find- 
ings without implying any reduction in 
intelligence resulting from the disease, 
and thus saves us from the necessity of 
hypothecating somatic changes.” Re- 
examination of 41 schizophrenic patients 
with the Stanford-Binet test after pro- 
longed hospitalization indicated no pro- 
gressive decay of function. In most of the 
patients a gradual recovery in the intel- 
lectual sphere corresponding with im- 
provement of psychotic symptoms was 
noted. 

Cameron’^ lias shoivn that the disorgan- 
ized thinking of schizophrenics does not 
follow the pattern of either deteriorated 
senile patients or of normal children. 
Lehrman,^® who concluded that schizo- 
phrenic " deterioration ” was neither inev- 
itable or irreversible, suggests that the 
term be reserved for those patients suffer- 
ing, not from schizophrenia, but from 
organic brain disease. 

Conceptual Thinking and “regress- 
ion” hypotheses. Attempts have been made 
to relate the schizophrenic thinking dis- 
order to some basic concept. One of these 
is the concept of “regression” to either 
the level of primitive man or to the level 
of early childhood. One of the best 
Itnown descriptions of regression to primi- 
tive levels in sehizoplirenia is found in 
Storch’s “The Primitive Archaic Forms 
of Inner Experiences and Thought in 
Schizophrenia.”'*® Storch found great 
similarity between the experiences of 
schizophrenic patients and those of vari- 
ous primitive people. He conceived of 
modern man as having a “rational super- 
structure” which, as the result of a 
“conflict of instincts of constitutional 
nature” (such as perverted sexual atti- 
tudes), crumbles; and primitive magic- 
archaic modes of behavior and thinking 
well up from the substrata. Others more 
recently have stressed such regressive 
characteristics as tjqjical of sehizoplirenia, 
including Osborne^ who suggested that 
the terra schizophrenia be changed to 
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"palieophrenia.” Others have suggested 
regression to a childhood level. Gardner, “ 
for instance, has equated psychotic symp- 
toms with childhood beha\aor and meas- 
ures the regression in terms of “ psychotic 
age.” 

Goldstein"® has distinguished between 
abstract and concrete behavior. The 
concrete attitude is realistic and bound 
to the immediate experience of the given 
thing or situation. The abstract attitude, 
however, passes beyond the given specific 
thing or situation which then becomes 
merely a representative of a category. 
Hence the latter type of thinking is also 
called the categorical or conceptual atti- 
tude. Goldstein, Piaget, Vigotsky and 
others have concluded that childhood 
thinking is concrete and that the abstract 
attitude develops ordinarily after puberty. 
Goldstein has also shown that loss of 
abstraction occurs with organic brain dis- 
ease (as discussed in a previous review”). 

Vigotsky” studied concrete and con- 
ceptual thinking in schizophrenics by 
means of a block test devised by Ach. 
Blocks of different colors, sizes and shapes 
were used which the subject was to sort 
into 4 different categories. This sorting 
required the subject to form and test a 
number of theories or concepts. Vigotsky 
found that schizophrenics lacked the 
capacity to carry through the procedure 
successfully. He therefore postulated the 
loss of conceptual thinking as the basic 
psychologic disturbance in schizophrenia. 
Reminiscent of Storch, he conceived of 
the mind as being composed of an “old” 
substructure of concrete thinJdng, and of 
a “newer” outer layer of concepts. The 
latter portion of the structure is involved 
in schizophrenia. To Vigotsky, childhood, 
organic brain disease, and schizophrenia 
have in common the lack of ability in 
forming concepts. He therefore concluded 
that schizophrenia is an organic brain 
disease. 

In this country, Hanfmann and Kan- 
sanin®* have continued and amplified 
Vigotsky’s work with the Ach test. They 
agree that conceptual thinking is impair- 


ed in certain schizophrenics but believe 
that a transition from the highest con- 
ceptual level to the lowest primitive level 
of thinking is found, thus denjung the 
simple dichotomy between the two as 
expressed by Vigotsky. The highest con- 
ceptual level of thinking demonstrated by 
the block test is found only in Hanfmann 
and Kasanin’s college educated group, 
while the non-college group scored only 
at an “intermediate level.” When schizo- 
phrenic patients were compared with nor- 
mal subjects with comparable educational 
background, defects in concept formation 
were noted, but only in a portion of the 
schizophrenic group. Definite impair- 
ment was found in 26 of 62 subjects. It 
was found most commonly in patients 
classified by Kasanin as “primary thought 
disorders” (see above), and in the groups 
marked by dissociation with fantastic 
elaboration of ideas and in those with 
paranoid-hebeplirenic trends with dull 
affectivity. Schizophrenic patients with 
neurotic traits tended to have little or no 
impairment in conceptual thinking. 

Goldstein^ has recently applied the 
methods he had pre\dously used in study- 
ing patients ndth organic brain defects 
to schizophrenic patients. He agrees that 
concrete thinking as opposed to concep- 
tual or categorical thinking is found in a 
certain number of schizophrenics. Gold- 
stein. points out that regardless of the 
differences in normal individuals in ab- 
stract thinking, they can learn by demon- 
stration to proceed along an abstract way. 
The schizophrenic, however, cannot learn 
to do so. “Many of the peculiarities of 
the beha\’ior of schizophrenics become 
understandable, w'hen considered as e.x- 
pressions of a greater concreteness. Con- 
crete behavior means that in our behavior 
and actmty we are governed, to an ab- 
normal extent, by the present outer world 
stimuli and by the images, ideas, and 
thoughts which act upon us at the moment. 
On the one hand, symptoms arising from 
this atitude are autistic thinking and act- 
ing, and on the other hand, abnormal 
boundness to outer world stimuli as far- 
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as they belong to that realm of reality 
which the patient experiences. The world 
of the schizophrenic is determined to a 
pathologic extent by his own feelings and 
thinking, and by his capacity to react. 
The demarcation between the outer world 
and his ego is more or less suspended or 
modified in comparison with the normal. 
Here is one origin of illusions. The objects 
which impress the patients are not the 
same as those which would impress the 
normal person in the given situation. He 
experiences only objects to which he can 
react in the only way in which he is cap- 
able, i. c., in the concrete way.” 

Hanfmann and ICasanin and Goldstein 
point out that the loss of abstract think- 
ing found in both schizophrenic and or- 
ganic brain disease is not necessarily proof 
of an organic origin of the schizophrenic 
process. Goldstein notes certain differ- 
ences between the 2 groups. In the 
organic group, disintegration toward the 
concrete is of a simplified and inane form 
but more or less obvious to the observer. 
The concreteness of the schizophrenic is 
different, inasmuch as his thinking is 
richer and animated with more personal- 
ized ideas. While the similarities between 
the 2 groups suggests that a somatic fac- 
tor is involved, the defect could also be 
considered as a retreat from an unbear- 
able conflict. 

Benjamin (see Kasanin^®) has studied 
the thinking in schizophrenic subjects by 
having them interpret a series of proverbs; 

“1. When the cat’s away, the mice •a'ill play. 

2. Don’t cry over spilt milk. 

3. It never rains but it pours. 

4. The burnt child dreads the five. 

5. Don’t cross your bridges till you come to 

them. 

C. A rolling stone gathers no moss. 

7. Discretion is the better part of valor. 

S. To fiddle while Rome burns. 

0. Don’t count your chickens until they're 
hatched. 

10. Tlie proof of the pudding is in the eating. 

11. He who laughs last, laughs best. 

12. New brooms sweep clean. 

13. Ingratitude, thy name is woman. 

14. He travels swiftest who travels alone”. 

Completely literal (concrete) responses, 
such as “It doesn’t stay long enough in 


one place” as the response to the sixth 
proverb, are found much more commonly 
in intelligent schizophrenics than in mildly 
defective non-schizophrenics. Such re- 
sponses are found only in schizophrenia, 
organic brain disease and mental defi- 
ciency. False symbolizations are also 
commonly noted in schizophrenics, as “a 
person who brags all the time never gets 
anywhere” in answer to proverb No. 6. 

ICendig and Richmond,®^ and Cameron 
do not believe, however, that the loss of 
conceptual thinking is the basic charac- 
teristic of the schizophrenic state. The 
former has not found defects limited to 
this sphere, but rather present in all tests 
requiring sustained effort and attention. 
Cameron has found that even severely 
disorganized schizophrenics are capable of 
abstract attitudes when adequate coopera- 
tion is obtained. He is critical of the 
rigid interpretations required by Hanf- 
mann and Kasanin in the Ach block test; 
he believes that while the patients’ inter- 
pretations may not agree with those of 
the examiner, they nevertheless may still 
be generalizations. “ There is good reason 
for doubting the usefulness, to say noth- 
ing of the validity, of these determined 
eflForts to maintain separate categories of 
‘abstract’ and ‘concrete’ behavior. The 
notion is based upon an equally hypo- 
thetical differentiation between ‘percep- 
tual’ and ‘conceptual’ thinking; and upon 
inspection this will be found to reduce to 
little more than the ancient narcissistic 
flattery that granted rationality to adult 
human thought but denied it to children 
and animals — some stoutly denied it to 
women also.” “The fact that schizo- 
phrenic disorders do appear among adults 
in ‘primitive’ (i. e., non-technologic) civil- 
izations and among young children of our 
own contemporary technologic ci\dliza- 
tions, as well as the results of comparisons 
that have been made between the logic 
of normal children and adults and that of 
schizophrenics, contradicts the regression 
hypotheses. IMoreover, the contention is 
supported bj' the same e\"idence that 
schizophrenic disorganization represents 



ptoloPf X ouW W=’ 

and ’!'“'? ,cai>'J®®'‘^ ^ 

Wy.*'‘\ ;im5.” .M “ ^’■^' 

“ , ViavioxaV^Ti^ -„ accotawg 

Tis essentially and 

C’so*' P“Sd-W^?Sd eom- 
*;d»W “S tai> be *“^et\eleat» 

‘'ttS°«V* o*e« -^Xa, *at 

„ seVi-antical- persons 

to l>e seu ^Vitenics are v , ^Idng 

-?ss»«"rsoSi-^'2SS 


_ iantasy 

oG*s=s or >® ”"'' 

.:. ttatr«bat?® „_®scoo® 

^^XuSotis J^^Jtoenia. 


hizoptr^^ , -Vder to 

r^secntlty- , ia "" teted 

/iandaxdl^f Ssbeenns^«J^«;, ,ddi- 
t,y tlve patien > 

"®‘:, „rrs&«'''5" = 

“oot'W ®*r*rtee''n'e“' a del"”*? 

?rs=\®«®‘sotro! ®:f » "*« 

'•OT^'bor.^®' ““w»el 
te»‘ !■""’ 



NEUROLOGY AND PSYCHIATRY 


119 


The 2 most frequently employed shock 
therapies, insulin coma and electrically 
induced convulsions, have been previously 
described in this section^'^’® and elsewhere 
and will not be discussed in detail here. 
The report of Bond and Bivers® is repre- 
sentative of the results with insulin shock 
therapy. In a control group of 100 pa- 
tients not treated with insulin shock, 16 
were recovered or much improved after 
hospitalization; 14 of these were well at 
the end of 6 or 7 years. Of 251 schizo- 
phrenic patients treated with insulin 
shock, 138 (54%) were recovered or much 
improved at the end of treatment; but 
only 41 % maintained their status over a 
5 year period. 

Reports of results with electric shock 
treatment of schizophrenics have varied 
from 10% improvement (Smith ct 
to 70% improvement (Kalinowsky-*). 
Kalinowsky emphasized the importance 
of continued treatment in spite of early 
clinical improvement, frequently employ- 
ing 20 or more shocks in contrast to the 
10 or so used by others. “ Discontinuance 
of treatment after the usually early clini- 
cal improvement leads almost invariably 
to relapse and is the most important rea- 
son for failure of the method in the 
treatment of schizophrenia.” 

Other procedures which have recently 
been suggested in the treatment of schizo- 
phrenia include bilateral prefrontal lobot- 
omy (“psychosurgery”*®), “electronarco- 
sis and “ pyretoelectric shock therapy.”*® 

Prognosis. All agree that acute onset 
and short duration of the psychosis are 
favorable prognostic signs. Terry and 
Rennie®® have summed up the factors con- 
tributing to a good prognosis in schizo- 
phrenic patients as ; “ Sympathetic envir- 
onment to which they can return ; interests, 
goals, and pursuits in keeping with their 
ability; onset of the psychosis in a setting 
of unusual strain possible to modify; intact 
rapport and the combined will and ability 
to cooperate. Special features of the psy- 
chosis that seem prognostically valuable 
arc evidences of intact thinking and per- 
sonal appearance, absence of hallucinatory 


phenomena, affective admixtures in the 
psjmhoses, or the presence of a temporary 
infectious process at the onset or during 
the psychosis.” 

Lewis®® has studied prognosis from the 
standpoint of prepsychotic factors (hered- 
ity, morphologic type, character, social 
factors, intellect and trauma), the initial 
stage of the psychosis (age at onset, insidi- 
ous or sudden onset and exogenous pre- 
cipitating factors), the symptoms of the 
acute stage, and the course of the disorder 
(steadily progressive, tendency to remis- 
sion, catastrophic development). Some 
favorable prognostic factors are said to 
be: pyknic habitus, cycloid temperament, 
vigorous emotional response (especially 
depression) at the onset, active exogenous 
precipitating factors, and amnesia for the 
acute phase. 

Summary and Conclusions. The term 
schizophrenia should be used to designate, 
not an isolated disease entity, but a psy- 
chiatric reaction seen in certain (“sus- 
ceptible”) individuals as the result of a 
more or less prolonged difficulty in adjust- 
ment— a “disorder of living.” An all- 
inclusive definition of the term is difficult 
because of the myriad patterns of expres- 
sion in different individuals and, often 
enough, in the same individual at differ- 
ent times. Common findings in the schizo- 
phrenic reaction include vague, autistic 
thinking, lack of interest and progressive 
withdrawal from the realities of life, 
peculiarities of emotional expression or 
an apparent emotional indifference, delu- 
sions and hallucinations, apparently inco- 
herent or Irrelevant language, and bizarre 
motor beha^dor such as catatonia. 

The attempt to pigeonhole schizophrenic 
patients into a number of specific cate- 
gories has been relatively unproductive. 
No present classification contains mutu- 
ally exclusive subdivisions. We are not 
even certain of any clean-cut demarcation 
between the psychoneurotic reaction and 
schizophrenia on the one hand and be- 
tween the manic-depressive reaction and 
schizophrenia on the other. Alore under- 
standing is to be gained by studying the 



120 


PROGRESS OF JtEDICAL SCIENCE 


patient and his life as an individual prob- 
lem rather than by studying him as a 
representative of a nebulous subdivision. 

The suggestion has been made that 
2 different types of disorder are included 
in the total group. One is said to be an 
insidious, chronic malady with a uni- 
formly poor prognosis and is presumed 
to be due to deteriorative disease of the 
central nervous system. The other type 
is said to have a more acute onset, a rela- 
tively good prognosis and to be of psycho- 
genic origin. There is little question 
that the prognosis is poorer when the 
onset is insidious and when the disorder 
has been present for a long period of time; 
this applies to either treated or untreated 
patients. Hence, such a thesis may be of 
some practical importance in the treat- 
ment of schizophrenic patients. There 
is, however, no adequate proof that 2 etio- 
logically different groups exist or that the 
difference between the 2 is a qualitative 
rather than a quantitative one. 

The search for a single etiologic factor 
has been uniformly disappointing to about 
all but the individual proponent of his 
oum theory. The inheritance of schizo- 
phrenia has been said to follow one or 
the other type of Mendelian transmission. 
Suggestions have been offered that the 
inheritance is of the simple recessive 
t3"pe, the dominant tj^pe, or of a mixed 
type in which a number of primary' and 
secondary' genes plaj’' a role. MTiile there 
is little doubt that psychiatric disturb- 
ances are more frequent in the familj’^ of 
schizophrenic patients than in " normals,” 
the number of divergent views of those 
favoring an hereditary origin is in itself 
evidence that present statistical evidence 
is inconclusive. We are unable to state 
%dth any degree of certainty the relative 
roles of inheritance (or “constitution”) 
and the effect of psychiatricallj' handi- 
capped relatives as environmental liabili- 
ties contributing to maladaptation. It is 
probable, however, that the relative role 
of each varies with each patient. 

The results of both neuropathologic and 
metabolic studies arc so conflicting that 


the unbiased observer is all but over- 
whelmed by confusion. The few varia- 
tions that have been noted with any 
degree of consistency may prove to be as 
readily explainable as the effect rather 
than as the cause of the disorder. It is 
well to bear in mind, however, that a 
number of organic diseases involving the 
cerebrum may precipitate a schizophrenic 
sjmdrome, and differential diagnosis may 
be difficult. This is especially true of 
catatonic symdromes. 

Studies of the life history of schizo- 
prenic patients have without doubt 
throwm more light upon the understand- 
ing and treatment of the schizophrenic 
reaction than all of the multitudinous 
hereditary, pathologic and metabolic re- 
searches. Such studies are time-consum- 
ing and difficult to e.xpress statistical^’. 
Yet but few who take the time to carry 
them out can help but be conrinced of 
the importance of life factors in contribut- 
ing to the insecurity and maladjustment 
of the inditydual and the development 
of the schizophrenic reaction. 

Such factors, however, have not offered 
the entire solution to the problem of 
etiology. We have inadequate psj’cho- 
logic explanations to explain the develop- 
ment of psychoneurotic reactions in cer- 
tain individuals and of schizophrenic reac- 
tions in others as the result of apparently 
similar psj’chogenic stresses; indeed, we 
have no proof that these same psj’chogenic 
stresses may cause no particular psychi- 
atric disturbance in still others. The 
postulate that the psychologically trau- 
matic experiences of schizophrenics ap- 
pear earlier in life than those of psj’cho- 
neurotics can neither be affirmed nor denied 
with certainty. We are, at least for the 
present, forced to lean upon the some- 
what vague concept of “constitution,' b.v 
which is generallj' meant the inborn, hered- 
itary attributes that influence personality 
structure. Present-day studies correlat- 
ing morphology and personality way help 
to clarify tin's concept. 

A great deal of effort has been 
in studying the language, thought and 
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Ijehavior of schizophrenic patients. It is 
clear that the language of even the most 
disorganized schizophrenic is not mean- 
ingless. An intimate .knowledge of the 
person and his life may be necessary, 
however, before the meaning becomes 
apparent to the observer. Numerous at- 
tempts have been made to relate schizo- 
phrenic thinking to that of children or of 
primitive peoples. Hence, in some quar- 
ters, schizophrenia is considered a “re- 
gressive" disorder. Recently this view- 
point has been rekindled by evidence that 
schizophrenic language is similar to that 
of the child or of primitive man in that 
it is “concrete.” There is said to be a 
defect in “conceptual” (or abstract or 
categorical) thinking. While this defect 
is unquestionably present in many in- 
stances, considerable doubt remains as to 
whether it is a basic factor. The fact 
that a proponent of this viewpoint finds 
definite impairment in conceptual think- 
ing in less than one-half of a group of 
schizophrenic patients indicates that it can 
hardly form the basis for an all-inclusive 
hypothesis. There is no convincing evi- 
dence that patients with impairment of 
conceptual thinking have a fundamen- 
tally different disorder than those in 
whom it is intact. 

Psychometric tests indicate that intel- 
lectual disturbances in schizophrenia are 
not similar to those with organic brain 
disease. Any apparent reduction in intel- 
ligence may be adequately explained in 


most instances on the basis of emotional 
maladjustments. Long term psychologic 
studies of schizophrenic patients show 
that this apparent intellectual impair- 
ment is capable of recovery even after 
long periods of time. The terms “ deterio- 
ration” or “dementia,” which have been 
extensively employed, seem to have no 
useful place in the concept of schizo- 
phrenia and had best be reserved for 
patients suffering from organic brain dis- 
ease with intellectual dilapidation. 

Both shock therapies (insulin coma and 
electrically induced convulsions) and psy- 
chotherapeutic methods have their place 
in the treatment program. There is, un- 
fortunately, the tendency to employ 
shock therapy without reference to the 
personality problems of the patient. The 
use of isolated shock therapy has un- 
doubtedly contributed to the large num- 
ber of relapses. On the other hand, re- 
liance solely upon present methods of 
psychotherapy may necessitate a prolong- 
ed and expensive hospitalization which 
can only apply to the select few. Unfor- 
tunately, at the present time no adequate 
studies of shock therapy combined or 
followed with intensive psychotherapy 
have appeared. If the concept of schizo- 
phrenia as a “disorder of livdng” is cor- 
rect, the isolated use of any shock pro- 
cedure without reference to the personal 
and interpersonal problems of the indi- 
vidual patient cannot be e.xpected to lead 
to long-term improvement. 
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Effect of Concussion Upon the Polariza- 
bility of the Brain. E. A. Spiegel^ M.D., 
G. C. Henny, M.D., H. T. Wycis, M.D., 
and M. Spiegel- Adolf, M.D. (Depts. of 
Experimental Neurology, Colloid Chemis- 
try and Physics, Temple Univ. School of 
Medicine, Philadelphia, Pa.). The polari- 
zability of the cerebrum -was studied in 
cats and guinea pigs following concussive 
and subconcussive blows produced by a 
pendulum. After subconcussive blows, no 
significant change of polarizability was 
found, while a significant decrease oc- 
curred following severe concussive blows. 
This change indicates an injury to cell 
membranes in the cerebrum; it is a revers- 
ible process, and it appears also in animals 
kept under artificial respiration. The im- 
pairment of the polarizability of the cell 
membranes, together with some changes 
affecting the interior of the cells, belongs 
to a group of secondary changes reaching 
a maximum after the fleeting functional 
disturbances characteristic for concussion 
have subsided. (Appeared in Am. J. 
Physiol, 146, 12, 1946.) 


Direct Measurement of Coronary Blood 
Flow in the Anesthetized Dog. J. E. 
Eckenhoff, M.D., and C. M. Landmes- 
SER, M.D. (Dept, of Pharmacology and 
Harrison Dept, of Siirg. Research, Univ. 
of Penna.). In heparinized dogs anes- 
thetized with nembutal or morphine-chlo- 
rolose, blood was circuited from a carotid 
artery through a bubble flowmeter into a 
cannulated left descending or circumflex 
coronary artery. The chest was then 
closed and spontaneous respiration re- 
sumed. Flow readings before and after 
elosure of tlie chest showed significant 
differences. Under the conditions of these 


experiments the mean “normal” coro- 
nary blood flow was 64 cc. per 100 gm. 
of heart tissue (coefficient of variation 
±11.2). A striking parallelism of blood 
pressure and coronary blood flow was 
observed, a given percentile drop in blood 
pressure usually resulting in an approxi- 
mately equal percentile drop in flow. 
Electrical stimulation of cardiac sym- 
pathetic and parasympathetic nerves gave 
no evidence of vasoconstrictor innervation 
to the coronary vessels. Epinephrin in- 
jected into the coronary artery produced 
immediate and brief increases of flow 
independent of change in blood pressure 
and pulse rate. Acetylcholine intra-arte- 
rially had similar effects tending to be 
more marked and more transient. When 
the common vasodilators were given sys- 
temically, papaverine intravenously pro- 
duced the most significant and sustained 
increase in coronary flow with a minimum 
of side reactions. Aminophylline intra- 
venously acts much the same but caused 
a prolonged increase in pulse rate. Amyl 
nitrite inhalation produced marked in- 
creases in flow (even with decreases in 
blood pressure) and violent increases in 
pulse rate. Nitroglycerin, intravenously, 
intramuscularly and sublingually was less 
dramatic and its effects were more depen- 
dent upon the maintenance of blood pres- 
sure. If the pressure fell, the coronary 
flow decreased. Nikethamide was found 
to be without significant coronary vaso- 
dilator effect wdien administered intra- 
venously in dosage ranging from 12.5 to 
750 mg. Preliminary observations upon 
cardiac metabolism indicate the average 
arteriovenous (coronary sinus) oxygen 
difference to be 12 to 15 vol. %. The 
simultaneous systemic (right auricular or 
ventricular) arteriovenous difference was 
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about 7 vol. %. There is no significant 
alteration of the coronary A-V difference 
under nembutal, cyclopropane, or mor- 
phine anesthesia. The oxj’-gen uptake for 
the normal "resting” heart appears to be 
about 6 cc. per 100 gm. of heart per minute. 


Cerebral Blood Flow and Cerebral Oxy- 
gen Consumption in 5 Patients With Hy- 
pertension. Seysioub S. Keti', M.D., 
and Care F. Schmidt, M.D. (Dept, of 
Pharmacolog 3 % Univ. of Penna., and Medi- 
cal Services, Phila. Gen. Hosp.). A knowl- 
edge of cerebral hemodjmamics should be 
of considerable importance in the study 
of arterial hj'pertension for a number of 
reasons. Cerebrovascular complications 
are of great frequency in the disease and 
many of the sjunptoms are directly refer- 
able to the brain. Recent studies of renal 
physiology in hypertension have served 
to diminish the importance of the kidney 
as a primary etiologic factor in this dis- 
ease. At the same time the e.xperiments 
of Fishback and associates, and of Novak 
and Walker, who produced intense and 
persistent hj'pertension b 3 '’ artificial re- 
striction of cerebral blood flow have re- 
awakened interest in the role of central 
mechanisms in this disease. There have 
to date been no definitive studies on cere- 
bral blood flow and metabolism in clinical 
hj’pertension; the only attempts which 
have been made in this direction by Raab 
{Ztschr. f. Min. Med., 115, 577, 1931) and 
Williams and Lenno.x (Quart. J. Med., 8, 
1S5, 1939) used cerebral arteriovenous oxy- 
gen differences as measures of cerebral 
blood flow, a presumption which is un- 
warranted without concomitant knowl- 
edge of cerebral oxygen consumption. In 
the present study quantitative measure- 
ments of cerebral blood flow were obtained 
in 5 patients by the use of the nitrous 
oxide method pre\dously described by the 
authors (Am. J. Physiol., 143, 53, 194.5). 
Mean arterial blood pressure was deter- 
mined by a damped mercury manometer 
attached to a needle in the femora! 


artery. Cerebral oxygen consumption 
was calculated from the values for cere- 
bral blood flow and the cerebral arterio- 
venous oxygen difference and cerebral 
vascular resistance from the cerebral blood 
flow and the mean arterial blood pressure. 
In the 6 patients thus far studied the 
following mean values were found; aus- 
cultatory blood pressure 190/122 mm. Hg, 
mean arterial blood pressure 143 mm. Hg, 
cerebral blood flow 64 cc. per 100 gm. of 
brain per minute, cerebral O 2 consumption 
3.6 cc. per 100 gm. per minute and cerebral 
vascular resistance 2.3 mm. Hg per cc. 
blood flow per 100 gm. per minute. These 
values may be compared with the means 
of 35 experiments on 15 normal young 
white males where values were found of; 
110/80 mm. Hg, 92 mm. Hg, 70 cc. per 
100 gm. per minute, 4.3 cc. per 100 gm. 
per minute, and 1.2 mm. Hg per cc. per 
100 gm. per minute respectively. With 
the limitation in mind that the hyperten- 
sion patients were somewhat older than 
the control group and included 4 Negroes, 
it is seen that there is a slight reduction 
in the average cerebral blood flow and 
cerebral oxygen consumption and a mark- 
ed increase in the cerebral vascular re- 
sistance of the hypertensives as compared 
to normal. Whether any of these changes 
are statistically significant must await the 
results of a larger series of hypertensives 
and a more comparable group of normals. 

In the small series reported it is interest- 
ing to note that the cerebral blood flow 
decreased and cerebral vascular resistance 
increased m'th increasing se^'erity of 
retinoscopic changes, lending credence to 
the clinical impression that retinal vascu- 
lar changes reflect those occurring in the 
brain. The progressive but only moder- 
ate decrease in cerebral blood flow as the 
disease progresses in this small scries is 
exactly analogous to the findings of Gold- 
ring ct al. (J. Clin. Inrc.st., 20, 637, 1911) 
in renal blood flow. The marked incrc.TSC 
in cerebral vascular resistance which we 
have found and its similarity to the 
changes in renal vascular resistance con- 
tributes additional e\ddcnce to the con- 
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cept that the generalized increase in vas- 
cular resistance occurring in hypertension 
is not the result of sympathetic vaso- 
constriction since extensive work on ani- 
mals indicates a relatively weak sym- 
pathetic constrictor innervation to cere- 
bral vessels {Physiol. Rev., 16, 545, 1936). 


Phase-Boundary Potentials and the 
Nerve Impulse.* T. Cxjnliffe Barnes, 
D.Sc., and R. Beutner, M.D. (Depts. of 
Physiology and Pharmacology, Hahne- 
mann Med. Coll, and Hosp. of Phila.). 
0.05 % acetylcholine produces typical spike 
potentials on a cholesterol-resin-guaiacol 
layer (less than 0.01 mm. thick) in saline 
recorded by an electroencephalograph 
through Ag-AgCl electrodes in saline on 
each side of the membrane. The following 
measurements on thick (2 cm.) oil layers 
show that acetylcholine is the only sub- 
stance in cholinergic nerve capable of pro- 
ducing the action current. 0.05 % acetyl- 
choline on cholesterol guaiacol gives 35 mv. 
negative (for great dilutions the sensitive 
benzoate-nitrobenzene interface must be 
used). 1% KCl on nitrobenzene gives 
only 10 mv. negative, 4% sodium lactate 
on cholesterol guaiacol gives 9 mv. posi- 
tive, 0.1% dibasic sodium phosphate on 
guaiacol gives 10 mv, positive, 0.05% 
choline on cholesterol gives 15 mv. nega- 
tive. 0.1 % sodium acetate gives only 
3 mv. positive on guaiacol. Small after- 
potentials in nerve may result from these 
products. 

0.02% prostigmine (the most electri- 
cally active drug tested) generates 48 mv. 
negative on cholesterol guaiacol: 0.05% 
eserin gives 27 mv. negative. Measure- 
ments by I. Mauer show that 0.05% 
dilantin and also phenobarbital sodium 
give 20 mv. positive which reduces the 
acetylcholine negati\dty two-thirds ex- 
plaining their action in grand mal. Tridi- 
one, bromide, bromural and metrazol give 
no phase boundary potentials. 

After the passage of an imposed current 


of 6 volts (less than 1 ma.) the acetylcho- 
line potential on oil is reduced one-third. 
Electroshock therapy probablj' alters acet- 
ylcholine brain potentials (our EEG’s 
taken on patients after electroshock show 
slow waves). 

One in 10,000 acetylcholine produces 
25 mv. negative on frog sciatic and brain 
and lobster nerve in isotonic glucose (to 
eliminate short-circuits by salts). 

Nachmansohn (J. Ncurophysiol, 9, 9, 
1946) poisoned squid nerve with eserine, 
strychnine, procaine and cocaine and found 
no evidence for the esterase theory. If 
esterase is essential for the action current, 
eserine should prolong only the descending 
part of the spike but only a general toxic 
effect was obtained. The esterase theory 
also fails to explain adrenergic nerves 
which are represented in our model by 
triglyceride oils which give potential with 
sympathomimetic drugs but not with 
acetylcholine. 


Regression of Mouse Sarcoma 37 Pro- 
duced by Adrenal Cortex Extracts. Lyle 
V. Beck, Ph.D., and Irene C. Diller, 
Bh.D. (Dept, of Physiology, Hahnemann 
Med. Coll, and Dept, of Cancer Chemo- 
therapy, Lankenau Research Inst.). In- 
traperitoneal injection of 0.5 cc. of 
Upjohn Co. beef adrenal gland extract 
resulted in hemorrhage in mouse sarcoma 
37 udthin a few hours, and definite degen- 
erative changes in the tumor cells, notably 
pyknosis of the nuclei. Over a period of 
several days there was a gradual decrease 
in size of the- tumor. Tumors in the 
Carworth Farms female mice usually 
showed complete regression, the degen- 
erated remains being sloughed off through 
the skin. Such females kept for several 
months failed to show reappearance of a 
tumor. On the other hand the regressions 
obtained in Canvorth Farms males were 
usually temporary, and the percentage of 
complete regression in treated males was 
not perceptibly greater than that occur- 


* This work w.is carried out under a Rrsint from tlie American Philosophical Society. 
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ring spontaneously. Repeated injections 
of extract into males did not result in 
increase in percentage of complete regres- 
sion. This tumor grows more slowly and 
the percentage of spontaneous regressions 
is higher in females than in males. 

Similar effects of adrenal cortex prin- 
ciples on a rat transplantable leukemia 
have been reported by Murphy and Sturm 
(Science, 98, 568, 1943, and 99, 303, 1944) 
and on a mouse transplantable lympho- 
sarcoma by Heilman and Kendall (Endo- 
crinology, 34, 416, 1944). It is conceiv- 


able that antibody reactions potentiated 
by adrenal cortex steroids might be con- 
cerned in the above antitumor effects, and 
that similar effects would not occur using 
primary neoplasms. Another mechanism 
W'hich may be concerned in the inhibition 
of these particular malignant growths is 
the well-knouTi shift toward protein catab- 
olism produced by certain adrenal cortex 
steroids. The shift toward protein anab- 
olism produced by testosterone might 
then be concerned in the ineffectiveness of 
adrenal cortex steroids in male mice. 
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Bacillary Dysentery, Colitis and En- 
teritis. By Joseph Felsen. Pp. 618; 

145 illus. Philadelphia: Saunders, 1945. 

Price, S6.00. 

This volume presents a comprehensii'e 
survey of the acute infectious diarrheas, as 
well as a discussion of chronic enteric dis- 
orders which the author feels are etiologically 
related to them. 

The first section of the book discusses the 
acute diarrheas, with the emphasis almost 
solely on Shigella infections. Following 
an opening on historical background, the epi- 
demiologic, clinical, bacteriologic, pathologic 
and therapeutic aspects of the disease are 
presented. Much stress is laid on clinical 
features of these infections, and the author 
attempts to classifj’^ into 7 types what he 
regards as atiTiical forms of the disease. 
Complications are extensively discussed and 
analyzed. The data dealing with the case 
incidence of acute diarrheas are thoroughly 
presented. Also thoroughly discussed are 
the data revealing the predominance .of 
Shigella infection when cases of “gastro- 
enteritis,” etc., are analyzed etiologicalty. 
It might have been appropriate in his dis- 
cussion of the acute colon infections for the 
author to examine the role of Salmonella 
organisms more thoroughly, as other ob- 
ser\’ers have noted that these infections are 
often clinically indistinguishable from those 
caused by Shigellm. 

In the sections dealing with the chronic 
forms of colitis and ileitis, the author first de- 


scribes their clinical and pathologic changes 
Then he presents some detailed case studies 
which trace the chnical course of individuals 
with acute Shigella infection who subse- 
quently developed chronic d 3 Tentery. These 
chronically ill patients the author thinks 
after thorough study are tjqiical of those 
usually designated as chronic ulcerative 
colitis and chronic distal ileitis. Various 
other concepts concerning the etiolog}' of 
chronic ulcerative colitis are briefly men- 
tioned. The volume is profusely illustrated 
with charts and photographs of Roentgen 
raj's and pathologic specimens, especially 
the section dealing with the chronic diseases. 

It is somewhat unfortunate that the text 
tends to present the author’s opinions one- 
sidedly. Especially so, since a number of 
hypotheses are presented with no docu- 
mented basis in fact (such as the view that 
as many as 6 types of toxin are produced 
by the Shigella organisms; and the w'cw 
that the chronic ulceration in chronic ulcera- 
tive colitis is due in most instances to secon- 
darj- non-specific invaders, “chiefly the 
enterococcus, hemohdic and non-hcmolyfic 
E. coK,” organisms which are part of the 
normal bowel flora anyway). However, if 
the volume is a bit less than scholarly in 
places, its publication at this time, with its 
enormous bibliographj', by an investigator 
with such wide clinical experience in thc.=c 
disorders, certainty fills a great need m 
current medical literature, and should stimn- 
Latc further study. S. H- 
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NEW BOOICS 

Cornell Conferences on Therapy. By Haurt 
Gold, M.D. (Managing Editor), David 
P. Babr, M.D., Eugene F. DuBois, 
M.D., McKeen Cattell, M.D., Charles 
H. Wheeler, M.D. Pp. 322, 1st vol. 
New York; Macmillan, 1946. Price, S3.25. 

American Foundations for Social Welfare. 
By Shelby M. Harrison, General Direc- 
tor, Bussell Sage Foundation; and F. 
Emerson Andrews, Director of Pub- 
lications, Bussell Sage Foundation. Pp. 
249; director of 505 Foundations. New 
York-. Bussell Sage Foundation, 1946. 
Price, S2.00. 

The Principles and Practice of Tropical Medi- 
cine. By L. Everard Napier, Compan- 
ion of the Order of the Indian Empire; 
Fellow of the Boyal College of Physicians 
of London; formerly Director and Profes- 
sor of Tropical Medicine; Consultant to 
the Secretary of War; Visiting Lecturer 
on Tropical Medicine, Army Medical 
School; Visiting Lecturer on Tropical 
Medicine, Harvard Medical School, Bos- 
ton; formerly Visiting Professor of Tropi- 
cal Medicine, Tulane University, New 
Orleans; formerly Visiting Professor of 
Medicine, New York University. Pp. 
917; 185 illus. New York: Macmillan, 
1946. Price, SI 1.00. 

Journal of Gerontology (Non-technical Sup- 
plement), Winter No., Part I and Part II. 
Pp.; Part I, 152; Part II, 184; Vol. I, 
No. 1, published quarterly for The Geron- 
tological Society, Inc. Springfield, 111.: 
Thomas, 1946. Price, S6.00 a year. 

“ To Add Life to Years, Not Jxtsl Years to Life. 
The authorized and official journal of the 
Gerontological Society, Inc., publishing each 
quarter, basic materials on problems of aging 
from the natural and social sciences and the 
humanities. The non-technical supplement is 
published in corresponding issues ndth digests 
from scientific journal, rewritten for the lay- 
man in a non-technical, easy-to-understand 
manner.” 

Doctors East, Doctors TTcsL By Edward H. 
Hume, M.D. Pp. 278 ; 21 illus. New 
York; Norton, 1946. Price, 83.00. 

Penal Diseases. By E. T. Bell, M.D., Pro- 
fessor of Pathologj' in the University of 
Minnesota, jMinneapolis, Minn. Pp. 434, 
115 illus. Philadelphia, Lea & Febiger, 
1940. Price, 87.00. 


The Biology of Schizophrenia. By B. G. 
Hoskins, Ph.D., M.D., Director of Be- 
search. Memorial Foundation for Neuro- 
Endocrine Besearch, Harvard Medical 
School and Worcester State Hospital. 
Pp. 191. New York: Norton, 1946. 
Price, 82.75. 

German for the Scientist. By Peter F. 
Wiener, Modern Language Master at 
Bugb 3 ' School (formerly Tutor in German 
in the University of London). Pp. 239. 
American ed. Brooklyn, N. Y.: Chemical 
Publ. Co., 1946. Price, 83.50. 

A History of Medicine. By Douglas Guth- 
rie, M.D., F.B.C.S. (Edin.), F.B.S.E. 
Pp. 449; 72 illus. Philadelphia: Lippin- 
cott, 1946. Price, 86.00. 

A Textbook of Biochemistry. By Philip H. 
Mitchell, Ph.D., Bobert P. Brown Pro- 
fessor of Biology, Brown University. Pp. 
640; 69 illus. New York; McGraw-Hill, 
1946. Price, 85.00. 


NEW EDITIONS 

Electrocardiography. By Louis N. Katz, 

A. B., M.A., M.D., F.A.C.P., Director of 
Cardiovascular Besearch, Michael Beese 
Hospital, Chicago, BL; Professorial Lec- 
turer in Physiology, Universityof Chicago, 
Chicago, 111. 2nd ed. Pp. 883; 1525 illus- 
trations. Philadelphia; Lea & Febiger, 
1946. Price, 812.00. 

Exercises in Electrocardiographic Interpreta- 
tion. By Louis N. Katz, A.B., M.A., 
M.D., F.A.C.P., Director of Cardiovascu- 
lar Besearch, Michael Beese Hospital, 
Chicago, III.; Professorial Lecturer in 
Ph 3 ’-siolog 3 ", University of Chicago, Chi- 
cago, 111. 2nd ed. Pp. 288; 307 illus. 
Philadelphia: Lea & Febiger, 1946. Price, 
86 . 00 . 

Agnosia, Apraxia, Aphasia: Their Value in 
Cerebral Localization. By J. M. Nielsen, 

B. S., M.D., F.A.C.P., Associate Clihical 
Professor of jMedicine (Neurolog3')j Uni- 
versity of Southern California; Senior 
Attending Ph 3 'sician in Neurology and 
Assistant in Neuropatholog 3 ^, Los Angeles 
County Hospital, Los Angeles, Calif. 2nd 
ed. Pp. 292; 60 illus. New York, Hoeber, 
1946. Price, 85.00. 
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Becenl Advances in Endocrinology, Bj' A. T, 
Camehok, jM.A., D.Sc. (^dix.), F.R.I.C., 
F.R.S.C., Professor of Biochemistrj’-, Fac- 
ulty of Medicine, University' of Manitoba; 
Biochemist, Winnipeg General Hospital. 
5th ed. Pp. 415; 76 illus. Philadelphia: 
Blakiston, 1945. 

Avtopsy Diagnosis and Technic. By Orro 
S.APHIE, Pathologist, Michael Reese Hospi- 
tal; Professor of Pathology, University of 
Illinois hledical School, Chicago. Fore- 
word by LtroATtG Hektoex, M.D. 2nd ed. 
Pp. 405; 68 illus. New York: Hoeber, 
1946. Price, S5.00. 

Psychological Medicine. By Desmoxd Cur- 
HAX, M.D., F.R.C.P., D.P.M., Psychia- 
trist and Lecturer in Psychological Medi- 
cine, St. George's Hospital, and Honorary' 
Psychiatrist to the Maida Vale Hospital 
for Nervous Diseases, London; Temp. 
Surgeon Captain, R.N.V.R., and Con- 
sultant in Psj'chological Medicine to the 
Roy'al Na\y; and Eric G'trmu.Nx, M.D., 


hI.C.R.P., Neuropsychiatric Specialist, 
Emergency Medical Sernce; formerly Re- 
search Psy'chiatrist, The hlaudsley Hospi- 
tal, London; Research Neuropsychiatrist, 
NutSeld Dept, of Surgery, Oxford; Psy- 
chiatrist to the Officer Board, National 
Fire Ser’idce. Foreword by J. J. Cont- 
BE.uiE, M.C., D.M. (OxoN.), P.R.C.P., 
Physician to Guy’s Hospital, London. 
2nd ed. Pp. 246. Baltimore: Williams & 
Wilkins, 1945. Price, S3.50. 

Synopsis of Obstetrics and Gynecology. By 
AiicK W. Bourne, hI.A., hl.B., B.Ch. 
(Guib.), F.R.C.S. (Eng.), F.R.C.O.G., 
Consulting Obstetric Surgeon, Queen Char- 
lotte’s Hospital, London; Obstetric Sur- 
geon, St. Marj'’s Hospital, London; Con- 
sulting Surgeon, Samaritan Hospital for 
Women; Examiner in University of Cam- 
bridge; formerly E.xaminer to Central 
Midwives Board, and Conjoint Board of 
England. 9th ed. Pp. 500; 166 illus. 
Baltimore: Williams & Willdns, 1945. 
Price, S5.00. 
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THE LEUKOCYTIC RESPONSE OF PATIENTS V/ITH EXPERIMENTALLY 
INDUCED INFECTIOUS HEPATITIS* 

By Ma,i. Walter P. Havens, Jr., M.C., A.U.S. 

AND 

Ruth E. Marck, M.S. 

NEW HAVEN, CONNECTICtIT 

(From the Section of Preventive Medicine, Yale University School of Medicine) 

The leukocytic response of patients with penia, the pattern of leukocytic response 
infectious hepatitis has been described as in various acute infections is limited. 
leiikopcnia with a decrease of all the com- Quantitative alterations in the various 
ponents of the leukocytes, except the components of the leukocyte.^, particu- 
monocytes. Some observers’ have report- larly the early leukopenia with neutro- 
ed an early transient leukocytosis, with penia and lymphopenia, similar to those 
leukopenia becoming e%'ident at the time found in infectious hepatitis, have been 
of the appearance of jaundice; others'*^'^® observed in several acute infectious dis- 
have stated that leukopenia is an early cases caused by rickettsia and vdruses.*’ 
phenomenon appearing in the pre-icteric Such changes have been described as 
period. A frequently observed feature of occurring in measles," pappataci fever, 
this disease has been a relative hjmpho- dengue,^'^^ varicella,® smallpox,” yellow 
cytosis developing subsequent to an earlj’- fever,® influenza,” rubella,® typhus fever,® 
lymphopenia. Of particular interest in and psittacosis.” 

this regard has been the appearance of Qualitative changes nuth the appear- 
numerous large mononuclear cells defined ance of atypical lymphocytes similar to 
variously as immature or atypical B'mpho- those seen in patients with infectious 
cytes, or atypical monocytes.’ '® ” The hepatitis have also been reported as oc- 
association of such cells with the posterior curring in measles® and German measles.®-'® 
cervical adenopathy, so commonly ob- A further comparison of such cells with 
served in infectious hepatitis, has been those ordinarily considered as pathog- 
the subject of discussion.' nomonic of infectious mononucleosis® has 

Aside from the broad general associa- been made, 
tion of pyogenic infections with leuko- During the past 18 months, experiments 
cytosis and virus infections with leuko- conducted by the Neurotropic Virus Dis- 

* ReprosentinR work done for the Ncurotropic Virus Disease Commission of the Board for the Investi- 
Ration and Control of Influenza and Other Epidemic Diseases in the Array, in the Preventive Medicine 
Service of the OfTico of The Surpeon General, U. S. Army, Washington, D. C. 
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ease Commission, on the transmission of 
infectious hepatitis to human volunteers'® 
have made it possible to study the hema- 
tologic response of such patients through- 
out the incubation period and course of 
disease. It is the purpose of this paper to 
report on the leukocjdic changes observed 
in 26 patients during the course of experi- 
mentally induced hepatitis. In 10 of these 
volunteers similar observations were made 
at regular intervals tliroughout the period 
of incubation as well as during the course 
of disease. 

Materials and Methods. Subjects. The 
subjects were previously healthy, male, 
human volunteers, ranging in age from 19 
to 29 years. These men contracted infec- 
tious hepatitis experimentallj’-, following 
inoculation or ingestion of material known 
to contain the etiologic agent of the disease. 
Prior to the onset of disease they were 
housed in 3 groups: in Middletown, Dan- 
bury, and New Haven. During the course 
of illness all patients except those at Dan- 
burj' were hospitalized in the Isolation 
Pavilion of the New Haven Hospital. The 
group at Danbur}’’ was hospitalized at that 
institution. The diagnosis of infectious 
hepatitis was made on the basis of charac- 
teristic symptoms and signs, accompanied 
by fever and consistent deflection of the 
bromsulfalein dye retention and cephalin- 
cholesterol flocculation tests. All patients 
mentioned in this report had clinical jaundice. 

Virus. The strain of rirus used in this 
laboratorj' %vas original^' obtained from the 
stool of a U. S. Army soldier (BE), who 
contracted epidemic infectious hepatitis in 
Sicil}" in September, 1943.* It has been 
through 4 passages in human volunteers to 
date. This agent is filtrable through an L2 
Chamberland filter and withstands heating 
to 56° C. for at least 30 minutes.' It has 
produced the disease in 27 out of 40 human 
■»’ohmteers (including those reported here) 
following parenteral or oral inoculation with 
incubation periods ranging from 15 to 
34 days. 

Blond Counts. GOO total leukocyte and 
differential counts were made on the 26 
human volunteers. Blood counts were made 
between 0 and 10 a.m., after breakfast. 
The usual method for determination of the 
total number of leukocytes was employed. 


Blood obtained from the finger-tip was 
diluted in standardized pipettes and shaken 
for 3 minutes by hand. The number of cells 
in the 4 corner squares of a standard hemo- 
cytometer w'as counted. Differential counts 
of fixed smears w'ere made on slides or cover- 
slips stained with the May-Greenw.ald- 
Giemsa technique. 400 to 600 cells were 
counted and the absolute values were deter- 
mined. A mechanical stage was used. Care 
w'as taken to avoid the periphery of the 
slides w’here the smears were very' thick and 
likewise the center of the cover-slips where 
the greatest pressure has occurred in prepa- 
ration. 

The range and average determinations of 
the various components of the leukocytes 
for these 26 human volunteers were com- 
puted before the e.xperimental inoculations. 
Pour total counts and differential smears 
W'ere examined for each man over a period 
of several days. The results appear in 
Table 1 and are used as the averages against 
which the deflections of individual responses 
during incubation period and course of dis- 
ease are plotted in the various charts. 


Table 1.— LetTKoevrE Pictube ik 20 IIealtoy 
Hcmax Volunteehs Befobe ExrEntMES- 
Tal I.voculation With "Viiws” of I.stec* 
TioTJS Hepatitis 

Numlwr/ cujnm. 


Lcukocj’lcs 

Total .... 
Neutrophils 
Seg. neutrophils 
Non-seg. neutrophils 
L.vmphocytcs . 
Large Ijanphocytes 
Eosinophils 
Monocytes 
Basophils . 


Bangc 

Avrrjp: 

4500-10,900 

0700 

1900- 7,400 

4100 

1930 - 0,400 

3050 

GO- 1,420 

450 

1440- 3,100 

2100 

120- 9.S0 

400 

SO- 000 

100 

90- 490 

2!0 

0- ISO 

40 

ts leukocyte 

counts 


:re made every' other day tiirougiwm 
nibation period and almost daily during 
3 first 3 weeks of disease in 10 patients, 
the other 16 patients similar studies were 
ide every other da}' during the fir.4 
weeks of disease. During the 4th week 
2G patients were examined every 2 to 


Results. When the leukocytes arc 
counted frequently' a regular p.attcrn o* 
response in infectious hepatitis is obscr^- 
cd. These ch.aractcristic changes usual!) 
begin in the first 24 to 4S hours of th'’ 
acute, febrile, pre-ictcric phase of disc.v'e 
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and are primarily associated with the 
presence of fever. The 26 patients re- 
ported here may be almost equally divided 
into 2 groups. One group had an acute 
onset of disease with fever. The other 
group had an insidious onset with vague 
abdominal symptoms for periods of 2 to 
11 days before the appearance of fever. 
In general, it was observed that the 12 pa- 
tients who made up the former group 
manifested the characteristic leukocytic 
response within the first 24 to 48 hours 


minor leukocytic changes in the presence 
of symptoms 2 to 3 days before fever. 

By using the appearance of fever as the 
fixed point, it is possible to present the 
combined leukocytic response in all 26 
patients of this series. When this is done 
and the average duration of fever and 
jaundice, and the appearance time of 
jaundice are recorded it is seen that defer- 
vescence, the appearance of jaundice, and 
a- beginning approach to normal leukocytic 
relationship occur at the end of the 1st 



Fio. 1. — Incubation poriod and course of disease of a patient (SR) -u-ith experimentally induced 
infectious hepatitis. Rectal temperatures are recorded. 


of disease, although minor changes might 
appear in certain individuals in the last 
2 to 3 days of the incubation period. 
(Fig. 1.) In contrast it was evident that 
the 14 patients in the latter group who 
had a vague onset with mild generalized 
or abdominal complaints and a normal 
temperature usually did not develop the 
characteristic pattern of change until 
several days later coincident with the ap- 
pearance of fever (Fig. 2). However, 
occasional individuals in this group had 


week of fever (Fig. 3). In general, it may 
be said that the early dramatic changes in 
leukocytic response (leukopenia, lympho- 
penia and neutropenia) are almost over 
by the time jaundice appears, although 
in some patients in whom jaundice ap- 
pears as early as on the 3rd to 4th day of 
fever, many of the striking changes are 
still present (Fig. 1). In certain indi- 
xldual cases, also, a mild relative lympho- 
cytosis with a small percentage of atj-pical 
cells continues during the 2nd week, after 













enw;yBS 
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Fig. 4. — Averaged leukocytic response of 10 patients during the incubation period and course of 
disease of experimentally induced infectious hepatitis. (— ) indicates days before onset of fever. The 
duration of fever and jaundice and the appearance time of jaundice represent averaged experiences of 
the 10 patients. 



I’lG. 5. Leukocytic rc'-ponse of 10 patients during the course of disease of cxperimcntallv induced 
infectious hepatitis. (~) indicxites days before onset of fever. The duration of fever and jaundice 
.and the .appe.ar.ance time of jaundice represont averaged experiences of the 10 patients. Black dots 
indic.ate individual determinations 'which are expressed as an average bv the unbroken line Dotted 
lines indicate the average normals for the group. 
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the appearance of jaundice, and in an 
occasional case a secondary dromedary 
type of curve similar to the first response 
occurs in the 2nd or 3rd week (Fig. 1). 

For purposes of convenience the leuko- 
cytic changes are described as occurring 
in 3 phases, namely, (1) the incubation 
(pre-febrile) phase, (2) the febrile (pre- 
icteric) phase and (3) the icteric (post- 
febrile) phase. 

Incubation. (Pre-febrilc) Phase. lATien 
incubation periods were measured from 
the day of inoculation to the first appear- 
ance of sjTnptoms they ranged from 15 
to 28 days. Howev^er, the time interv'al 
from day of inoculation to onset of fever in 
these patients ranged from 24 to 30 days. 
Using the onset of fever as a fixed point, 
the averages of the total number of leuko- 
c^des and their individual components 
were computed for 25 days before fever 
and 26 days after fever in 10 patients. 
(Figs. 4 and 5.) 

In general there is little fluctuation from 
normal during the pre-febrile period up 
until 2 to 3 days before the onset of fever. 
During the 4th week, before fever, the 
total number of leukocjd;es is slightly 
below the normal average for the group 
(6700 per c.mm.). Both neutrophils and 
Ij’mphocytes are diminished in proportion. 
In the 3rd week, before fever, the total 
leukocyte count is slightly above normal 
limits and there is a slight average increase 
of neutrophils with a slight decrease in 
l;\Tnphoc}’tes. This average increase of 
total leukocytes is maintained during the 
2nd week, along with an increase in neu- 
trophils and decrease of lymphocytes. 
Three days before the appearance of fever 
the total number of leukocytes drops 
below the established normal for this 
group (6700 cells per c.mm.). At this 
time total counts as low as 4000 cells per 
c.mm. occasionally occur. This decrease 
in absolute numbers is shared proportion- 
ately by the neutrophils, eosinophils, ba.=o- 
phils and lymphocytes. The monocytes 
arc not afTcctcd. Such leukopenia before 
the on.'ct of fever may or may not be 
accomp.inic<l by symptoms, depending on 


whether it occurs in a patient with an 
acute or insidious onset of disease. 

Febrile {Prc-icicric) Phase. The dura- 
tion of fever ranged from 4 to 14 daj-s, 
averaging S days. Clinical jaundice 
ranged in appearance time from 3 to 
12 daj'S after the beginning of fever, aver- 
aging 6 days (Fig. 3). In all but 1 patient 
leukopenia, i. e., a reduction to below 5000 
leukocjdes per c.mm., was found at some 
time during this febrile pre-icteric phase 
of disease. The total number of leuko- 
cytes ranged between 2250 and 9400 per 
c.mm. Characteristically leukopenia oc- 
curred early, appearing in 25 patients 
during the 1st 24 to 48 hours of fever, 
becoming more pronounced until the 4th 
or 5th day when the low level was reached. 
The total number of leukocytes began to 
increase through the 5th and 6th daj’s, 
rising above the level of leukopenia on 
the 7th day. 

Associated unth the leukopenia arc cer- 
tain quantitative changes in the various 
components of the leukocytes. 

Nentrophils. On the 1st day of fever 
there is a relative increase in neutrophils 
in the presence of leukopenia or low-nor- 
mal total leukocyte count. Although the 
absolute number of neutrophils is less than 
normal, this relative increase is possible 
because of a coincident lymphopenia. By 
the 2nd day absolute neutropenia is pres- 
ent and this progresses, reaching a low 
point on the 5th day of fever. Absolute 
numbers as low as 820 cells per c.mm. 
has been recorded. On the Cth and 7£ii 
days the neutrophils rise sharply altliouph 
they do not reach the normal level for 
the group. (Figs. 4 and 5.) During the 
1st 5 days of fever, as neutropenia in- 
creases, the non-segmented cells increase 
somewhat in absolute value, hut due to the 
marked dccre.ase in segmented ccll.s, they 
may number as many a.s 50% of the tot.i! 
neutrophil count. After the .5th day thi- 
relationship is changed and the ab=ohifc 
value of segmented cells ri-cs sharply on 
the 6th and 7th day.s, so that the mature 
cells become again j)rcdomiriant. (I ip- 6 t 
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■ Eosinophils. Eosinophilic granulocytes 
are diminished in absolute numbers dur- 
ing the acute febrile phase of the disease. 
They are below normal on the 1st day of 
fever, decline to a low level on the 3rd day, 
which is maintained until the 5th day 
after which a slight increase occurs on 
the 6th to 8th day, although a normal 
level is not reached. 

Basophils. The change in absolute num- 
bers of basophils is not great, but these 
cells are diminished during the febrile 
phase. 

Monocytes. The absolute numbers of 
monocytes are sharply depressed during 
the febrile phase. 


The lymphopenia of the 1st 5 days of 
the febrile period is largely at the expense 
of the small round cells. The large 
lymphocytes increase somewhat during 
this period and, because of the decrease 
in small cells, may form as many as 40 
to 70% of the total number of lympho- 
cytes. Characteristically, on the 1st or 
2nd day of fever a few of these large 
lymphocytes are atypical in appearance. 
These atypical cells increase in number so 
that by the 5th day a majority of the 
large cells may be atypical (Figs. 1 and 2). 
It is at this time when there may be 
neutropenia and relative lymphocytosis 
Avith a predominance of large atypical 



Fig. 6.— Aver.iBcd polymorphonuclear leukocytic response of 10 patients during the incubation 
period and course of disease of experimentally induced infectious hepatitis. ( — ) indicates days before 
onset of fev'er. Tlie duration of fever and jaundice and tlie appearance time of jaundice represent 
averaged experiences of the 10 patients. Dotted line indicates average normal level of non-segmented 
polymorphonuclears for the group. 


Lymphocytes. On the 1st day of fever 
both absolute and relative Ijmphopenia is 
present. This reaches a loiv point on the 
2nd day, persisting at a low level through 
the 4th day. By the 5th day when neu- 
tropenia is most marked, the lymphocytes 
begin to increase, equalling or outnum- 
bering the neutrophils and resulting often 
in a relative lymphocytosis. An absolute 
lymphocytosis rarely occurs. The abso- 
lute number of lymphocytes continue to 
rise through the Gth to Sth day although 
a normal level is not reached. 


lymphocytes that considerable difficulty 
maj-^ be encountered in differentiating 
this leukocytic response from that found 
in infectious mononucleosis. This is par- 
ticularly true when the posterior cervi- 
cal lymphadenopathy, as commonly ob- 
served in this phase of infectious hepatitis 
is present,^ and jaundice has not yet 
appeared. From the 5th to the 7th days 
the number of small lymphocytes increases 
and they again become predominant. 

These atypical cells may be described 
as large lymphocytes vith big eccentri- 


130 


HAVENS, JURCK; 


cally placed indented nuclei. At times an 
area of hyaloplasm containing an azure 
granule is seen at the indentation of the 
nucleus. The cytoplasm is usually heaidly 
basophilic and the chromatin of the nuclei 


have heavy blocks of chromatin in the 
nuclei. (Fig. 7.) 

Icteric (Posi-fcbrilc) Phase. The dura- 
tion of jaundice ranged from S to 31 days, 
n-ith an average of 20 days. Character- 



Tto. 7. — Lympiiocyto- found in t!ic blood on tlio ."ith day of fever of a patient uitli ex[>erini' nt.a 5 
induced infectious hepatiti*), (Photograph of a colored drawinK by Arruin Hcml>crf:f'rd 
May-Grocmvald stain. (X 1125.) 


!-> arranged in heavily staining band.s. 
Vacuoles arc frequently found in lioth the 
cytoplasm and nuclei. Other iitrge atypi- 
cal ceils may have a paler blue .staining 
eytophism conttiining numerous coarse, 
azurophil granules. Such cells frequently 


btically, clinical jaundice appears "ith 
defervt'-eenee tit the end of tlie 1st ruck. 
At till-- lime the trcml of tlie itukocvtii' 
response i- in the tiircction of norrn.d 
rclation-hips. During the 2nd v<*k d.*- 
until number of leukocytes ri-es gradu.'dl' . 
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reacliing the average normal level of the 
group on the 14th clay (Figs. 3 and 5). 
This increase usually reflects a propor- 
tional increase in all the various compo- 
nents of the leukocytes although impor- 
tant variations may occur. Post-febrile 
leukocytosis as high as 12,500 cells per 
c.mm. has been seen. Not infrequently’’ 
a relative lymphocytosis may persist dur- 
ing the 2nd week Avith a small proportion 
of large atypical cells evident, although 
the small lymphocytes are predominant. 
Also, on occasion, a secondary “camel” 
type of curve of lesser degree but re- 
sembling the acute changes found in the 
1st week may occur (Fig. 1). During 
the 3rd and 4th week as jaundice reaches 
its peak, wanes and disappears, the num- 
ber of leukocytes and the relations of their 
various components is usually within 
normal limits. 

Discussion. It has been pointed out in 
this paper that a regular pattern of leuko- 
cytic response occurs during the course 
of infectious hepatitis experimentally in- 
duced in human volunteers. This is in 
general agreement with the findings of 
others working with the naturally occur- 
ring disease and quite similar to the 
response observed in a number of acute 
infectious diseases caused by \’iruses and 
Rickettsia. The latter point may'^ be of 
some importance as a further bit of e\d- 
dence for the classification of infectious 
hepatitis as a disease of “ virus ” etiology^. 

It is of interest to note that although 
slight changes in the leukocytes may 
occur in indiwdual patients in the last 2 
to 3 days before the onset of fever, the 
characteristic leukopenic response is re- 
lated primarily' to the febrile, pre-icteric 
phase. Jaundice, which occurs at the end 
of the 1st week is associated in general 
with defervescence and a beginning return 
to normal leukocytic relationships. This 
is analogous to the situation in measles in 
which similar changes have been observed 
a.ssoeiated with the appearance of fever." 


The similarity between certain aty'pical 
ly^mphocy'tes found in patients ’ndth infec- 
tious hepatitis, measles, German measles, 
and infectious mononucleosis has been 
indicated. The fact that such similar 
cells appear in several diseases of different 
etiology' suggests that their production 
represents a limited response to a broad 
group of acute infectious diseases. This 
is of some practical importance in difl’er- 
ential diagnosis, particularly as it concerns 
infectious hepatitis and infectious mono- 
nucleosis. Not infrequently' the appear- 
ance of a large percentage of aty'pical 
ly'mphocy'tes in a patient during the febrile, 
pre-ieteric phase of infectious hepatitis 
causes confusion. This is particularly true 
when there is an associated enlargement 
of the posterior cervical glands. 

Summary. 1. The results of serial 
observations on the leukocy'tic response 
of patients during the incubation period 
and course of disease of experimentally 
induced infectious hepatitis are presented. 

2. Although minor changes in leuko- 
cy'tes may' occur in the last 2 to 3 days 
before the onset of fever, the character- 
istic leukocy'tic response begins in the first 
24 to 4S hours of fever and is associated 
primarily' Avith the febrile, pre-icteric phase 
of disease. 

3. The pattern of this leukocytic re- 
sponse is characterized by' the early' 
appearance of leukopenia: ly'mphopenia 
and neutropenia. Subsequent relative 
ly'mphocy'tosis with numerous aty'pical 
ly'mphocy'tes is a common phenomenon. 

4. Defervescence, the appearance of 
clinical jaundice and the trend toAvards 
normal leukocytic relationships are com- 
monly associated AAu'th the end of the 
1st Aveek of fever. 

5. The return to normal leukocytic 
relationships is completed by' the end of 
the 2nd week after the appearance of 
fcA'cr. 
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RETROPERITONEAL SPLENOMEGALY 
OCCURRENCE IN A CASE OF LEUKOPENIC PLASMA CELL LEUKEMIA 

By Jack W. Bills, M.D. 
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PHILADELPHIA, PENNSYLVANIA , 

(From the Medical Clinic of the Hospital of the University of Pennsylvania) 


In contrast to the enormous literature 
on the wandering or movable spleen, that 
on the retroperitoneal spleen is extremely 
meager. The reasons for this are obvious: 
the movable spleen is not rare and is 
easily felt on palpation, although many 
instances are recorded of its being mis- 
taken for other intra-abdominal masses, 
even for a pelvic tumor or a pregnant 
uterus. Also, the movability itself tends 
to splenic enlargement from congestion 
and even torsion of the lengthened pedicle 
may occur. A wholly retroperitoneal 
position of the spleen is apparently very 
rare, although the paucity of symptoms 
and difficulty of recognition may enter 
into this view. 

Developmentally, the spleen originates 
in the posterior mesogastrium and acquires 
a complete peritoneal covering. An event- 
ual retroperitoneal position is a distinct 
developmental abnormality. In the retro- 
peritoneal position the anatomic relations 
of the organ differ from those found in 
the normal in that it tends to rest upon 
the upper pole of the left kidney and poste- 
rior to the colon. This relationship to 
the Iddney may explain one of the dis- 
orders seen in indi\dduals with the spleen 
in the retroperitoneal position; that to 
the colon contributes to the difficulty of 
identification by physical examination. 

The occasional location of the spleen 
in a retroperitoneal position is mentioned 
in many books on anatomy and medicine; 
but a careful search of the literature 
reveals practically no references to this 
subject and no report of a case such as 
is to be detailed here. Spencer- has re- 
ported a “ Case of retroperitoneal prolapse 
of the spleen into the left loin.” The pa- 


tient, a woman of 32 years, had suffered 
9 attacks of pain in the left loin wth 
vomiting, and had the feeling that in 
that region a ‘Tump” came and went. 
On examination, there was found deep 
tenderness and a mass behind the colon. 
It was noted that normal splenic dullness 
was not present. The Roentgen ray re- 
vealed the kidney and a shadow above it, 
which was thought to be a hydronephrotic 
upper pole. Intending to expose the kid- 
ney, the surgeon came upon the spleen. 
This was removed and was found to be 
2 or 3 times the normal size. After the 
splenectomy it was seen that the kidney 
had been pushed dovmward by the over- 
lying spleen. No explanation of the 
symptoms nor the enlargement of the 
spleen was ventured, no postoperative his- 
tory given. 

Two somewhat similar patients are re- 
ported by Ehrich,^ in each of whom there 
was left hydronephrosis. At operation, 
the spleen was found behind the perito- 
neum in a dense common capsule with the 
kidney. These cases seem to suggest that 
hydroneplu-osis may be associated with a 
retroperitoneal position of the spleen, 
perhaps as a result of displacement of the 
kidney downward with kinking of the 
ureter. 

In the unique case now to be recorded, 
the diagnosis of an unusual tjq)e of leuko- 
penic (aleukemic) leukemia was made more 
difficult by the presence of a large mass 
in the left renal region which defied identi- 
fication as spleen — a fact which was ex- 
plained at the autopsy when an enlarged 
retroperitoneal spleen was found. 

Case Report (Hosp. U. of Pa. 44-68456). 
The patient, a male of 63 years, commenced 
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to feel fatigued and weak 4 years before ad- 
mission on Oct. 3, 1944. Six months before 
this date, he received, in another hospital, 
20 blood transfusions for anemia and further 
transfusions recently in the same institution, 
lie was carefully studied there and the bone 
marrow was found to be infiltrated vith large 
(possibly malignant) unidentifiable cells. 
No primary neoplasm could be found and 
the final diagnosis was aplastic anemia 
(etiolo©' unknouTi). In the month before 
admission, he lost weight rapidly and had 
irregular fever. B.xcept for diabetes melli- 
tus his past medical history was negative. 

The patient's physical condition was ver 3 ’- 
poor with evident pallor and emaciation. A 
slight but widespread enlargement of palp- 
able lymph nodes was present. On inspira- 
tion the liver edge W'as felt 5 cm. below the 
rib margin. In the left kidnej’’ region, the 
kidney could be identified, and, with diffi- 
culty, another mass could be felt lying more 
posteriorly than anteriorly and not obliterat- 
ing the tympany of 'Traube’s semilunar 
space. This mass presented no edge and 
only came down about 2 fingers’ breadth 
below the costal margin on deep inspiration. 
On the skin of the thigh were several indu- 
rated, pahn-sized plaques which were diag- 
nosed as areas of leukemic infiltration by 
the dermatologic consultant. 

Of the extensive laboratory studies, onij' 
the following need be detailed : in the periph- 
eral blood, a severe norraocytic anemia with 
the erj’throcyte count varj'ing a little above 
or below 2,000,000 and the leukocytes rang- 
ing between 1000 and 3000. There was a 
reduction in neutrophils and a resulting high 
percentage of lymphocytes. No abnormal 
or immature forms of white blood cells were 
seen until terminally. Three plasma cells 
were noted on 1 occasion. The thrombocyte 
count varied from a normal to a low level. 

.•V careful study of the bone marrow obtaincil 
I>y sternal puncture led, for the second time, 
to the opinion that the numerous large, vesic- 
ular, nucleated cells were evidence of m.alig- 
nant infiltration and that the process was not 
leukemia. The usual evidence of mild dia- 
betes incllitus was present. 

I’lirsuing the above suggestion, a'second 
■•earch for a primarj’ neoplasm was carrictl 
out. Roentgenograms of chest, ga‘itro-intc'=- 
tinal tract, urin.arj’ tr.act, and rno-t of the 
skeleton revea!e<l nothing abnonn.a! except 
ciufinnaton' evifience tliat there wa- a large 


abnormal mass in the left kidney region 
pushing the diaphragm up and the kidney 
down (Fig. 1). In consultation with the 
roentgenologists, they pointed out that if 
this mass w’ere spleen it should be more 
easily palpable; that it lay above the kidney 
pushing the diaphragm upward. The sug- 
gestion was made that it might be a retro- 
peritoneal neoplasm such as liyjierncphroina. 

In addition to his progressive anemia and 
wasting, the patient had a mild diabetes 
which was controlled with 10 units of insulin 
daily. He also had many subcutaneous ab- 
scesses requiring drainage. Tlicse infections 
and his poor general condition made biopsy 
of a lymph node unwise. In spite of transfu- 
sions, penicillin and general care, the patient 
failed rapidly and died on Nov. 25, 194-1, 
after 7 weeks stay in the hospital. 

The diagnostic problem presented by the 
patient w'as an interesting one. It was be- 
lieved that the presence of diabetes was a 
coincidence and could be disregarded. Es- 
sentially the diagnosis rested on the identi- 
fication of the abnormal cells in the bone 
marrow' and of the abnormal mns.s above 
the left kidney. The anemia could bo ex- 
plained by the lieaxy infiltration of the 
marrow with abnormal cells, wlicther of 
neoplastic or leukemic nature. Several path- 
ologists and hematologists agreed that these 
cells were malignant and not leukemic. If 
this opinion were correct, it mu.st argue 
strongly for the neoplastic nature of the 
mass above the left kidne.v. If, however , the 
abnormal cells were leukemic, then an en- 
larged spleen might welt be anticipate!!. 
The mass, however, did not offer the usual 
criteria for recognition of an enlarged sjilccn. 
No edge or notcli could he felt; it was not in 
the usual position, it did not obliterate 
Traube’s area of tympany, the colon lay in 
front of it and the kidney was iiushcd down 
by it. Tiicse were our views at (he time 
the patient'.s death; no one liad snsj'ccted a 
rotroporitoncnl sjilcnomcgaly. 

Aiifopsi;, (.1. Snyder — 7 hour.- after 
de.atb.) As is so often the ca-e in tiie elderly, 
there were pre.-ent many pathologic finding-' 
which apparently bore no irnmedinte rela- 
tion to the di=easT rau-ing death. In (hi- 
0.3 year old asthenic individual, there v.ere 
found a t!i-=ecting aneiiry.-m of tfie aorf.v, 
fhrornho-i-- in the right auriele and vf iia eaia, 
iiephro-elero-i- and necro-i- of tin' r-op;i".- 
ce.al mueo-a. Tim pertinent finding- m* 
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eluded widespread leukemic infiltration of 
bone marrow, lymph nodes, liver and spleen 
with cells of the plasma cell variety. This 
clinched the primary diagnosis and leaves 
for discussion the abnormal mass in the left 
kidney region. This mass proved to be 


abnormality of the kidnejL Under the 
microscope, it was seen that “the normal 
architecture of the spleen has been defi- 
nitely disrupted and the spleen tissue con- 
sists merely of a diffuse cellular tissue show- 
ing a majority of plasma cells with 13’^mpho- 



Fia. 1. — Film from uroRmni scries showina enlarged retropeiitoneal spleen pressing do^Mi 

on left kidney. 


a laigc completely retropeiitoneal spleen, 
weighing GoO gm., enclosed in a well-fitted 
lieiitoneal capsule. It was somewhat oval 
in shape, bluish red in color and increased 
in consistency. Although the left kidney 
was pushed doAvn by the spleen, there was 
no evidence of hydronephrosis or anj’’ gross 


cj'tes seen in the minority.” This same 
picture was seen in the Ijnnph nodes and 
bone marrow and to a lesser degree in the 
liver. 

Discussion. From this brief review of 
the literature and this case report, it would 
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seem that the following statements can be 
made; (1) The spleen, as a result of a rare 
developmental anomaly may occupy a 
wholly retroperitoneal position. (2) The 
retroperitoneal spleen may cause no sjunp- 
toms but occasionally may be associated 
with left hydronephrosis and may perhaps 
cause this condition by displacement of 
the kidney doiroward. (3) A retroperito- 
neal spleen may be enlarged in any of the 
diseases which cause splenomegaly; when 


this occurs the resulting mass is difficult 
to identify by physical e.vnniination or 
roentgenography. (4) The enlarged retro- 
peritoneal spleen pushes the left diaphragm 
upward and the left kidney downward; it 
lies posterior to the stomach and the colon 
and does not obliterate the tjunpany of 
TVaube’s semilunar space; it fails to pre- 
sent to palpation the characteristic splenic 
edge or notches. 
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As devised by Hanger,'* the ceplialin 
cholesterol flocculation test has proved to 
be a valuable tool in the study of liver 
disease. There are, however, certain in- 
herent difficulties in the procedure which 
have led to irregular results.^-^'®'*^'*®'**’*® 
Thus, if ripe cephalin was utilized, false 
negative tests were obtained, whereas 
“ripening” of the cephalin by exposure 
to sunlight for a few weeks caused false 
positive reactions.®'*® Further investiga- 
tion® revealed that prolonged exposure of 
the antigen to sunlight eliminated some 
flocculation with normal sera. Apparently 
the ripening process tends at flrst to in- 
crease markedly the cephalin sensitivity, 
and later to decrease it for some reason 
or other.® The effect of variability in sen- 
sitivity of the emulsion on the final result 
is illustrated by the recent report of 
Lippincott ct al.,’’ who found that tests, 
with serum from acute cases of relapsing 
vivax malaria yielded 82% positive reac- 
tions with one cephalin cholesterol emul- 
sion, whereas tests with another antigen 
were positive with only 21 % of the same 
sera. The Hanger procedure is further 
complicated by the fact that fresh sera 
must be used,® preferably samples drawn 
within 6 hours of testing.®’*'*’*® More 
recently the studies of Neefe and Rein- 
hold,*® and also IMateer® have emphasized 
photosensitivity as a source of some false 
positive reactions. Thus normal serum 
antigen mixtures exposed to sunlight or 


to an incandescent lamp for a period of 
48 hours almost invariably flocculated 
while duplicate specimens kept in the dark 
remained in homogeneous suspension. 
They*® further found that if normal serum 
was permitted to stand diluted for 5 or 
more hours prior to the addition of emul- 
sion, flocculation occurred. Conducting 
.the test at 37° C. resulted, in some in- 
stances, in flocculation although no reac- 
tion was noted at 21° C.®’*® 

The objective of the present investiga- 
tion has been to obtain a stable but sensi- 
tive sterol emulsion which could be utilized 
for the examination of serum in a manner 
similar to that used in serologic tests. 

Methods, Preparation of Hanger Antigen 
(H). Thirty-five ml, of redistilled water 
were heated to 70° C. in a 150 ml. Erlen- 
meyer flash. One ml. of stock etherized 
cephalin cholesterol mixture (Difco)t was 
added dropwise and with agitation. The 
emulsion was then permitted to boil slowl}’- 
until the total volume had been reduced to 
30 ml., gradually cooled to room tempera- 
ture, and utilized in the test.®! 

Preparation of the Modified Antigen (M). 
One ml. of stock etherized cephalin choles- 
'■ terol mixture (Difeo) was added dropwise 
and with agitation to 35 ml. of redistilled 
water at room temperature (20° to 25° C.). 
The emulsion was then permitted to boil 
slowlj’- until the total volume had been re- 
duced to 30 ml., graduallj’- cooled to room 
temperature, and utilized in the test. 

The 2 antigens differed considerabl}’ in 


♦ Tlic.co investigations were aided tliroiigli the Commission on Influenza, Board for the Investigation 
and Control of Influenza and Other Epidemic Diseases in the Army, Preventive Medicine Sendee, 
Ofllce of The Surgeon General, U. S. A. 

t Reduction in volume of the emulsions was accomplished by placing the flasks on a hot-plate and 
boiling gently for G minutes at 550° F. 

J Furnished through the courtesy of the Difeo Laboratories, Inc. 
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appearance and in reaction. The new prepa- 
ration is more opalescent and the particles 
are more coarselj' dispersed; furthermore, 
serum sterol mixtures produced a granular 
precipitate rather than the fiocculent type 
usuallj’ obtained wth the Hanger antigen. 

Performance of the Standard Test. Two- 
tenths ml. of serum was added to 4 ml. of 
0.85% saline. Shortly thereafter, 1 ml. of 
cephalin cholesterol antigen was added, the 
reagents were thoroughly mixed, placed in 
the dark room at 20° to 25° C., and exam- 
ined in subdued light at the end of 24 and 
48 hours. Readings from 0 to 44- were 
recorded after the method of Hanger 

Performance of Titration. Serial dilutions 
of serum in 0.85 % saline were made in chemi- 
cally clean serologic tubes as follows: 1:4, 
1:8, 1:16, 1:32, 1:64, 1:128, 1:256. A 
single pipette was used for the entire series 
of dilutions and the final volume in each 
tube was 0.8 ml.; 0.2 ml. of the modified 
antigen was then added to all tubes. The 
mixtures were shaken thoroughly and then 
placed in the ice-box at 5° C. unless other- 
wise stated. They were examined 18 to 
20 hours later. The intensity of the reac- 
tion was indicated as follows: 14-, a readily 
xnsible granularity of the emulsion; 24 -, an 
increased granularity with or without slight 
sedimentation; S-f, hea\y agglutination of 
the particles accompanied by 50 to 75% 
sedimentation; 4-f-, complete agglutination 
and sedimentation of the emulsion. Occa- 
sionally, until normal sera the tubes contain- 
ing the 1:4 and 1:8 dilutions showed simple 
sedimentation unthout the characteristic 
conglomeration of particles when the settled 
material was stirred up. Such sediments 
were classed as negative reactions. All titra- 
tion experiments were carried out with the 
M antigen unless othcnvisc stated. 

Interpretation of Titration Test. The de- 
gree of flocculation in each tube of the serial 
dilution was recorded after incubation at 
5° C. for a period of IS to 20 hours. The 
tot.al number of i>lu.'-se.s was then added 
and con-titutetl a cumulative score. The 
maximum score for a 7 tube titration wa« 28, 
jirovideil all tube-- showed 4-t- flocculation. 
Conversely, the minimum score was 0. For 
be-t interpretation of re-ults the degree of 
floccul.ation in each tnbo abould be rejxirtf'd 
together with the cumul.afive score. For 
thi-; jnirjvwe a CTa;»h can be readily con- 
structed. 


Results, hiflncncc of Ageing, Light ami 
Dilution Upon Reactions With Normal Sera. 
Three sets of comparative data with sera 
from 24 indimduals who were considered 
to be entirely well are presented in Table 1. 
In Experiment A the standard flocculation 
test was performed with the Hanger anti- 
gen and again with the modified cephalin 
cholesterol emulsion under favorable con- 
ditions, namely, fresh, nndiluted sera 
which had been protected from light at al! 
times. One 4* reactions with either anti- 
gen were considered to be within normal 
limits. Sera 5 and 7 showed 24- floccula- 
tion with the Hanger antigen after 48 hours 
incubation at room temperature. No sig- 
nificant flocculation occurred with the new 
antigen under the same conditions. 

In Experiment B the sera were diluted 
and permitted to stand in the sunlight for 
G hours prior to the addition of tlic lipid 
emulsions. Using Hanger antigen, within 
24 hours 2-}- or greater flocculation was 
evident in 8 specimens and by 48 hours 
tlie number had increased to 12. In con- 
trast the modified antigen remained in 
homogeneous suspension with all 24 sera. 

In Experiment C the .same sera were 
retested after storage at 4° to 5° C. for a 
period of 6 months. By this time 21 speci- 
mens gave positive flocculation with 
Hanger antigen in 24 hours and nil i)ut I 
reacted within 48 hours. The alfcred 
antigen, however, .showed significant floc- 
culation only with Senim 16 at 24 hour- 
and also with Sera 20 and 21 after 48 liniir- 
incubation. 

Simultaneously the same sera were 
tested by tlie serial dilution method in 
Experiment D. The highest score record- 
ed was 7-j- in 2 instances, whcrc.'LS the 
serum from a ca.se of acute hcftatifi-' 
showed a score of 23. The.'-e data con- 
firmed the previous observation th:if tie- 
repbalin clmloterol fif»eculatioti te-t p-r- 
formed according to tbc mctlirKl of Hanger 
was not reliable with diluted and light et- 
p«'e<I, or with old sera.' ’’’ They .‘•hon- 
ed. on the other hand, that with tic- nKKh- 
tied antigen tlu-e fal-e fK>4tive reaction’ 
with norma! sera wen- 1 — '-ntially clitniri it- 
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ed, particularly if the titration technique 
was utilized. 

Influence of Temperature of Incubation 
071 Titration Tests With Normal and Abiior- 
mal Sera. The effect of varying the tem- 
perature of incubation on the serial dilu- 
tion test is presented in Table 2. Incuba- 
tion at 5° C. and at 21° C. resulted in 
strong flocculation with sera from 2 cases 
of acute hepatitis and weak or no reac- 
tions with normal samples. l^Ten the 
temperature was elevated to 37° and 56° 
C., the differences between hepatitic and 
normal sera were greatly decreased. 


and 15. Acute hepatitic sera were usually 
characterized by the fact that they caused 
flocculation throughout the entire range 
of titration at both incubation tempera- 
tures. This type of reaction was not 
entirely limited to hepatitis but also oc- 
curred with some sera from other forms 
of liver disease (Serum 5). The most com- 
mon pattern seen in convalescent hepat- 
itis, cirrhosis and tumors involving the 
liver parenchyma was e.xemplified by 
Serum 4, namely strong flocculation with 
serum of Ioav dilution, a narrow zone in 
which the mixtures remained in homogene- 


Table 1. — Effect of Age, Light and Didution on Compabattve Cephalin-Cholesterod 

Flocculation Tests With Noraul Sera 

C D 


Experiment: 

Antigen: 

Incubation hours: 24 48 


B 


Hanger 


Serum 


1 

2 

3 

4 

5 
0 

7 

8 
9 

10 

11 

12 

13 

14 

15 
IG 
17 
IS 

19 

20 
21 
22 

23 

24 


Acute hepatitis: 


0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

0 


0 

0 

0 

0 

2 

1 

2 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

I 

0 

1 

0 


ModiGed 
24 48 


0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

0 

0 

0 


0 

0 

1 

0 

0 

0 

0 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

1 

0 

0 

0 


Hanger 
^4 48 


Modified 


Hanger 


3 

3 

0 

0 

0 

3 

1 

2 

0 

1 

2 

0 

0 

2 

0 

0 

0 

1 

0 

0 

2 

T 

2 

1 


4 

4 

1 

0 

0 

4 

3 

3 

0 

2 

3 

0 

0 

3 

0 

0 

0 

2 

0 

0 

3 

I 

o 


24 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 


48 

0 

0 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 


24 

2 

3 

4 
2 

3 

4 
4 
0 
4 
4 
2 
3 

3 

4 
1 
4 
4 
1 
2 

3 

4 
4 
4 
4 


48 

4 

4 

4 

3 

4 
4 
4 
0 
4 
4 
4 
4 
4 
4 
2 
4 
4 

3 

4 
4 
4 
4 
4 
4 


24 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

4 

0 

0 

0 

1 

1 

0 

0 

0 


Modified Modified 


48 

1 

0 

0 

0 

0 

0 

1 

1 

0 

0 

0 

0 

0 

0 

0 

4 

0 

1 

0 

2 

2 

0 

0 

0 


20 

0 

0 

4 

4 

1 

0 

2 

4 
1 
0 
1 
0 

5 

4 
1 
1 

5 

4 
0 

5 


23 


A ■= Fresh sera, light protected and undiluted. 

B ■= Diluted and exposed to sunlight for 0 hours. 


C = Retested after standing at 4° to 5° C. for 6 months. 

. - _ P = Tested by the titration method. 

The numbers indicate the degree of flocculation except in Experiment D where they represent the cumulative score 
after 20 hours incubation at 5® C. 


A number of freshly’ drawn normal and 
abnormal sera were then examined utiliz- 
ing 5° and 21° C. as incubation tempera- 
tures. These data are shown in Table 3. 
It was noted that there were 2 zones of 
reaction, each of ivlnch was accentuated 
by the particular temperature of incuba- 
tion. Both with normal and abnormal 
siieeimens 5° C. favored flocculation with 
serum of lower dilutions, while 21° C. 
resulted in an increased floccuhition in 
the higher dilutions of scrum as illustrated 
by Specimens 6, S, 9, 10, 11, 12, 13, 14, 


ous suspension or were only partiallj' floc- 
culated, followed by an end-zone where 
stronger reactions again appeared. Nor- 
mal sera differed in that they showed weak 
or no reactions when diluted 1 to 10, a 
broad mid-zone in which flocculation was 
absent, and an end-zone characterized by 
slight flocculation after 48 hours at C. 
which was accentuated bv incubation at 
21° C. 

Standard tests with the Hanger antigen 
as shown in Table 3 indicated that 8 of 
10 patients with hepatic disturbance had 
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parenchymatous involvement. The modi- 
fied antigen seemed much more discrimi- 
nating when tested by the same method. 
Flocculation within 24 hours was limited 
to sera from the 2 patients with acute 
hepatitis and to 1 with hepatic metastases. 
After 48 hours 2 additional positive reac- 
tions appeared, 1 with serum from a case 
of convalescent hepatitis and the other 
from a patient with alcoholic cirrhosis of 
the liver. These results are presented 
primarily to illustrate the effect of tem- 
perature over a wide range of dilutions 
which differ from those employed in the 
titration test as adopted for routine use. 


5° C., flocculation in the fore-zone again 
became evident although it remained 
somewhat reduced in the sera heated for 
30 or GO minutes. 

Influence of Different Lots of Antigen. 
The effect of varying the commercial lot of 
cephalin cholesterol on the titration test 
is given in Table 5. Within the limits of 
sensitivity of any given antigen the ability 
to flocculate appeared to be dependent 
upon the characteristics of each individual 
serum. Thus, Emulsion E which showed 
the strongest reactions throughout, gave 
relatively weak flocculation with Serum 3 
and Serum 7 in which the least reactions 


Table 4. — Effect of Inactivation of Sebum at 56° C. on Titration Test 


Serum dilutions 1 


Inactivation 






• 



N 

66° C. 

Serum 

4 

8 

16 

32 

64 

128 

256 

None 

. AH 

3* 

4 

4 

4 


4 

4 



4t 

4 

4 

4 

4 

4 

4 


CAV 

2 

2 

0 

0 

0 

0 

0 



4 

4 

1 

0 

0 

0 

1 


N 

0 

0 

0 

0 

0 

0 

0 



3 

0 

0 

0 

0 

0 

0 

l6 min. . . 

, . AH 

1 

1 

2 

2 

4 

4 

4 



4 

4 

4 

4 

4 

4 

4 


CAV 

0 

0 

0 

0 

0 

0 

0 



1 

0 

0 

0 

0 

0 

1 


N 

0 

0 

0 

0 

0 

0 

0 



1 

0 

0 

0 

0 

0 

0 

30 min. . . 

. . AH 

0 

0 

1 

2 

3 

3 

3 



1 

3 

4 

4 

4 

4 

4 


CAV 

0 

0 

0 

0 

0 

0 

0 



0 

0 

0 

0 

0 

0 

0 


N 

0 

0 

0 

0 

0 

0 

0 



0 

0 

0 

0 

0 

0 

0 

GO min. . 

. . AH 

0 

0 

0 

0 

2 

3 

3 



1 

1 

3 

4 

4 

4 

4 


CAV 

0 

0 

0 

0 

0 

0 

0 



0 

0 

0 

0 

0 

0 

0 


N 

0 

0 

0 

0 

0 

0 

0 



0 

0 

0 

0 

0 

0 

0 


AH “ Acute liep.ititis. _ _ N = Normal. CAV ■= Carcinoma ampulla of vater. 

* Readings after 20 hours incubation at 5° C. 
t Readings after 40 hours incubation at 5° C. 


Influence of Preliminary Inactivation of were obtained with all antigens. The lipid 

Scrum at 56° C. on the Titration Test. The emulsions, A, B and E, were most sensitive 

cfl’ect of preliminary inactivation of serum whereas C and D yielded weaker floccula- 

at 56° C. upon the serial dilution test tion with the same sera. These data indi- 

incubated at 5° C. is shown in Table 4. cate that standardization of stock ether- 

Hcating for as little as 15 minutes reduced ized cephalin cholesterol preparations is 

the intensity of the flocculation in the fore- of prime importance in order to obtain 

zone of tests read after 20 hours incuba- comparable results. Such a procedure is 

lion and heating for 60 minutes abolished now possible with the modified antigen 

it completely in both normal and patho- emulsion which permits utilization of 

logic sera. When the serum-lipid mixtures senim for long periods of time. Stored 

were permitted to stand for 40 hours at normal and abnormal sera with known 
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cholesterol flocculation test with the 
Hangar antigen yielded distinctly positive 
results with the onset of jaundice. Simi- 
larly the new antigen as utilized in the 
standard test proved to be of approxi- 
mately the same order of sensitivity except 
in Case 4 where it caused flocculation 
during convalescence which was not mani- 
fest by the Hanger preparation. The 
titration tests seemed to follow the course 
of the hepatitis with greater accuracy 
and shouted progressive changes in the 
degree of flocculation during the transi- 


was at least as sensitive as the standard 
tests and more readily interpreted. All 
3 procedures yielded negative or doubtful 
results during convalescence even in the 
presence of clinical jaundice, a finding 
noted previously by Hangar.® 

Results of Titration Tests. Summary 
data showing the cumulative score of nor- 
mal and abnormal sera are presented in 
Table 7. For purposes of simplification 
the sera have been grouped into those 
with a score of 5 or less, 6 to 10, 11 to 15, 
and over 15. Among 100 ambulatory 


Table G. — Standabd and Tithation Flocculation Tests in Infectious Hepatitis 

Days from inoculation 


Cane 

Antigen 

0 

10 

21 

31 

42 

46 

52 

56 

63 

73 

84 

94 

105 

115 

1 . . 

. H 

0 

0 

0 

0 

4 











M 

0 

0 

0 

0 

3 











T 

0 

0 

0 

0 

Si 

• 









2 

. H 

0 

0 

0 

0 

3 

3 

4 

4 

0 

0 

0 

0 

0 

0 


M 

1 

0 

0 

0 

2 

2 

3 

0 

0 

0 

0 

0 

2 

0 


T 

2 

0 

1 

0 

26 

21 

2S 

9 

0 

0 

0 

1 

0 

5 

3 . . 

. H 

0 

0 

0 

0 

2 

3 

3 

4 

0 

0 

0 

0 

0 

0 


M 

0 

0 

0 

0 

0 

3 

4 

3 

1 

0 

0 

0 

0 

0 


T 

0 

0 

0 

2 

21 

28 

SO 

10 

; 

0 

0 

0 

0 

0 

4 . . 

. . H 

0 

2 

1 

0 

2 

4 

4 

4 

4 

0 

0 

0 

0 

0 


jAI 

0 

0 

1 

0 

2 

2 

3 

4 

3 

1 

3 

0 

3 

0 


T 

1 

3 

5 

7 

13 

IS 

2S 

27 

10 

9 

s 

7 

10 

3 

5 . , 

. . H 

0 

0 

0 

0 

0 

0 

0 

3 

0 

0 

0 

0 

0 

0 


M 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 


T 

2 

0 

0 

1 

3 

2 

0 

1 

4 

2 

2 

4 

6 

0 

0 . , 

, . H 

0 

0 

0 

0 

0 

0 

0 

2 

0 

0 

0 

0 

0 

0 


M 

0 

0 

0 

0 

0 

0 

2 

0 

0 

0 

0 

0 

0 

0 


T 

2 

0 

1 

1 

2 

0 

0 

2 

0 

1 

1 

3 

7 


7 . 

. . II 

0 

0 

0 

0 

0 

0 

0 

1 

0 

0 

0 

0 

0 

0 


iAI 

0 

0 

0 

0 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 


T 

3 


4 

4 

G 

2 

4 

1 

1 

3 

5 

4 

5 

8 

8 . 

. . H 

0 

1 

0 

0 

2 

2 

0 

1 

0 

1 

0 

0 

2 

3 


lAI 

1 

0 

0 

0 

0 

I 

2 

0 

0 

1 

0 

2 

T 

0 


T 

1 

1 

3 

2 

1 

3 

1 

0 

2 

2 

6 

ii 

6 

2 


H = HanRcr antigen; 24 hour rending expressed 0 to 4 + . 

M = Modified antigen; 48 hour reading expressed 0 to 4+. 

T *=* ritr.yion; 20 hour reading at 5° C. expressed as cumulative score from 7 tube test with an initial serum 
dilution of 1 to 4. 

The italic figures represents the period during which the blood bilirubin exceeded 1 mg. per 100 ml. 


tion from acute illness to convalescence. 
Furthermore, on the 42nd day folloAving 
inoculation the titration procedure was 
positive in Cases 3 and 4 prior to the onset 
of clinical jaundice while the standard 
tests showed equivocal results in the form 
of 24- reactions Avhich also appeared at 
times Avith the sera from patients aa'Iio did 
not develop hepatitis (Cases 6 and S). 
Although more frequent samplings in the 
pre-ieteric phase Avould liaA'c been adA-an- 
tageous in establishing this point, the data 
suggested that the titration procedure 


adult persons in apparently normal health 
95 scored 5 or less in the titration test. 
The remaining 5 % ranged betAA’een 6 and 
10. A second group of 100 sera Avere ob- 
tained from patients in hospital aa'Iio Avere 
suffering from illnesses other than liA'er 
disease. Of these indi\dduals, 98 % scored 

10 or less in the flocculation titration test. 
From the 2 persons Avith scores exceeding 
15, second specimens of serum AA'ere ob- 
tained and both scored 8 on retesting. 
The term “infected but not ill” refers to 

11 subjects AA'ho receiA'ed potentially ictero- 
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responsible for the cephalin-cholesterol 
flocculation. Modification of the method 
of preparation of the antigen -emulsion has 
resulted in a reduction of flocculation in 
all zones of dilution of normal serum, thus 
permitting the use of a titration technique. 
A study of flocculation over a range of 
serum dilutions has the additional advan- 
tage of minimizing errors frequently asso- 
ciated with single tube tests. 

With the modified antigen it is no longer 
necessary to limit tests to freshly drawn 
sera. Specimens may be stored and exam- 
ined under the same conditions with a 
single lot of standardized cephalin choles- 
terol emulsion. Furthermore, in equivocal 
cases the sera may be reexamined for 
comparison with sera obtained later in the 
clinical course. The elimination of inter- 
fering photosensitivity and error due to 
prolonged standing of serum in the diluted 
form represents further advantages of the 
new procedure. The seleetion of 5 ° C. as 
the temperature for incubation was not 
entirely based on the evidence presented 
in Table 3. In experiments not shoivn in 
the protocols certain acute hepatitic sera 
flocculated the antigen poorly at 21° C. 
but strongly at 5° C. Other factors which 
influenced the decision to use ice-box incu- 
bation were the variability in room tem- 
perature throughout the year and the pos- 
sibility of bacterial contamination. The 
data suggest a number of factors in the 
flocculation test which remain to be stud- 
ied. The variation among different com- 
mercial lots of antigen as seen in Table 5 
point to the necessity of introducing 
proper standardization procedures. The 
selective elimination of flocculation with 
normal sera by heating to 56° C. appears 
possible from the evidence in Table 4. 

Some acute sera from patients in whom 


a diagnosis of infectious hepatitis had been 
made failed to react at all, a finding which 
did not agree with the clinical impression. 
Negative reactions under these conditions 
may either indicate an error in diagnosis 
or mild parenchymatous disease. In the 
latter instances and during convalescence 
the fluctuations noted in the titration test 
may have greater prognostic significance 
than the limited variations which can be 
recorded with the standard Hanger pro- 
cedure.^'®’® ®'®'*^’*®’*^ This opinion is illus- 
trated by the data presented in Table 6 
where the sera of Subjects 2 and 3 showed 
a sharp decline in cumulative score while 
the Hanger test remained 4-f-; with 
Patient 4, the prolonged illness was ac- 
companied by a continued abnormality in 
the cumulative score, after the Hanger 
test had become negative. 

Summary. 1. Confirmation is reported 
of observations by others that cephalin 
cholesterol emulsions prepared by the 
Hanger technique are flocculated by nor- 
mal sera which have been diluted and ex- 
posed to light or permitted to age. 

2. A modified method of preparing a 
cephalin cholesterol emulsion from the 
stock etherized solution is described and 
some factors influencing the sensitivity of 
this antigen are presented. 

3. The modified emulsion is not floccu- 
lated with normal sera which have been 
exposed to light, diluted, or aged. It does, 
however, flocculate satisfactorily in the 
presence of sera from patients with par- 
enchymatous liver diseases. 

4. Tests made with serial dilutions of 
serum and utilizing the modified emulsion 
permits more accurate interpretation of 
the flocculation pattern in liver disease 
than does the procedure of Hanger. 
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(From the Rlicumatic Disease Section, Ashburn General Hospital) 


Prostigmine has been advocated in 
recent j^ears for the relief of muscle spasm 
in anterior poliomyelitis and in a variety 
of diseased states of the central nervous 
system. More recent tvork has sug- 
gested that prostigmine might be of value 
for the relief of muscle spasm associated 
with arthritic conditions. The purpose 
of the present study was to evaluate the 
effect of prostigmine on the muscle spasm 
of rheumatoid arthritis. 

Prostigmine (neostigmine) is a synthetic 
alkaloid belonging to the physostigmine 
group of drugs. Its fundamental pharma- 
cologic action is thought to be due pri- 
marily to its inactivation of the enzyme 
cholinesterase, thus diminishing the break- 
down of acetylcholine thi'oughout the 
body. Acetylcholine is the chemical 
mediator of nerve impulses to the end- 
organs of the voluntary nervous system 
and of the cholinergic division of the 
autonomic nervous sj'stem.^ Atropine 
can block the cholinergic effects of pro- 
stigmine on the vagal end-organs and the 
sweat glands, but docs not have this effect 
on the myoneural junction of skeletal mus- 
cle.' Under the influence of to.\ic amounts 
of prostigmine, fasciculations of skeletal 
muscle occur in spite of atropinization. 
Thus it appeal's that prostigmine loYvers 
the threshold of response of skeletal mus- 
cle, making it more irritable by preserving 


acetylcholine at the myoneural junctions, 
and to this is attributed its well-known 
therapeutic value in myasthenia gravis. 
The action of prostigmine on the central 
nervous sj’^stem is less well understood. 
If, as postulated by Loewi,^^ acetylcholine 
acts as the chemical transmitter of nerve 
impulses in the synapses of the brain and 
spinal cord, prostigmine might well be 
e.xpected to be an e.xcitant of the central 
nervous system and to increase the ease 
of transmission of nerve impulses through 
the central nervous system. However, to 
the contrary, most observers'®'^-'^^-*®’’® have 
found that prostigmine administered either 
intrathecally or intravenously depresses 
the spinal refle.xes in mammals and man. 
The physiologic mechanism by which 
this depression of the spinal refle.v arc is 
brought about is not clearly understood. 
However, it has been shown that while 
small doses of acetylcholine stimulate 
nerve synapses, larger doses paralyze 
them.” It is probable that the action 
of prostigmine on the central nervous sys- 
tem is due to its acetjdcholine sparing 
effect. Atropine does not block the action 
of prostigmine on the spinal cord.^® 
Prostigmine was first suggested for use 
in combating muscle spasm in anterior 
poliomyelitis by Ivabat and Knapp® in 
1943. They treated 20 cases of subacute 
poliomyelitis Yvith a combination of sub- 


♦ Read before the niccting of the American Rheumati.«m As.“ociation, May 27, 194G. 
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ctitatHoii* !iiul oral pro ti^•lninl• and imltd 
in all i.i'o. n 'lii^’iiila mtl.'i itn rt i «d ranpo 
of motion of die af1ii(tid Itml*-' and in 
''Oint' iiiifanit i n dun i >• in lit fomiitn-i 
1>\ n laxation of mil (1< !i\p*rtonn . 'I'lny 

tliHirirod flint tlic In tn lu I’tt ro {Kin <• »di- 
taimd \va‘. ilno to tin* anlii !io|mnt« ra-c 
(ffirt of j>ro itipmino on tin- •^unnin of 
tin* inti rnnm i i! mtironi 'I’ln • mnroni 
tla\ takf to 111 fnm!iomdl> imjitind in 
|M>!iom\i iili Ofla r mt.i-itif itor' ’ ' li'i\r 
ni'idi* •'imilar < llnii d oli i r'.ationi v,itli 
{ini«tii;mini‘ in anito and -nlmtifi- ant* - 
rior |Ki!iom\ I liti , tlton>'h in tfo'ir la-*' 
the nhuafion of mn < lo ■•{iitiiitv v.a' 
mmh Ir dramifii than in tin »• rn > of 
Kali it and Knapp’ I’nrtlar ►iiidii > in 
anti rior {Miliomu lit!-* vin larrnd ont to 
Wntkim ami 15ra/ii r” aim qiianiitativih 
miMiiund tin- ilntriial doi liir^'i'- from 
flit* '«{)l^ti( miisiti-i Infori- and aftir tin* 
intramioi nlar injution of {irotti^nnim- 
'fiii'v wt ro nnalili- to di tii t i Iritna > aft« r 
iM' of {»ro,ti;,'mino aliiili tlna lanild 
aiccpt a-i of si{:nifa int di^’rio to itidiiati 
a s|)(<a(if (ITict on tin- mn i la •iiiom 

Tronimcr and (’olaai'’ apfilit d the firin- 
<’i{)!f*i of Kalnt and Knaiiji’i aork in 
{Kiliomyclitii to Min'oti'. joint di-ia-i'^ uitli 
a.'-'ociatcd mii'ila •'p tvni, Tiiay ri'}Kirtid 
that, in Id of their I‘l (a>'ts tnateii with 
pro'itijjmine (imindinj; ^ona'• ailh rlien- 
inatoid arthrilK), the mtiseie spasm a as 
diminished. Kahat' has also rejiorted 
that prostifimine redmed miisele sjmsm in 
patients Inuiiif; various tyjies of joint and 
innscle diseitse. Thus jirosti^’inine has 
iicen pul forth hy these authors as hene- 
ficinl in relc.nsinc tiie mnsele spasm of 
rhonmatoid arthritis and allied eonditioiis. 

Method. Prostij;mine aas administered 
to 2.3 patients aith aetive rheumatoid 
iirthritis. All {i.itients acre liosjutaliml 
durinp: the period of prostifjmine therapj 
anti under the constant siirveillanee of the 
authors. Of the c.ises, 13 acre rheuma- 
toid arthritis aith various peripheral 
joints involved, R cases aero rheumatoid 
spondylitis with invohement of the sacro- 
iliac joints and spine, and 2 eases had 
involvement of both tlie spine and sacro- 


ilini joint at vill a pirijilnr.d joint 
All (ai'i aire nlariiiK t.iriji in tin 
four I* of th'ir |iri-<nf allaik ,\fti^it;, 
in I i< h in time a. as tninife-tfd ‘-nhjif- 
tnili, hj inal i!-» . ji lin ami 'tiflm i of 
the /dr<if<d joint , and ohjictivily le. 
afit'ht lo , *ao!li!i limhr joint! aitli 
•{It'll) of the stirroiimlin!.’ muih-i, end 
ili'.ntid rrtihrirtUi -•diminlation r.iti-! 
*rh' {iiiiints aith »{Ki'iihliti> had IliKiit- 
pi it ra) ahtmrin liitii I in tfn* sirffi-ilite 
joints, diiri 1 id < la t (t{(in ion, lirnit.s- 
tinn of sir.iifht It y rii'ifm' H ), 

marl id >jit m of tla irutor “{lini tmi'- 
i!i-i, ami limit. ition of motion of ell or 
{itrt of th* s{)im N'om of tin i.i'i-' liuf 
iiiikj lo 111 jiiint-* or ad*. am i d isintr.a tiiri- 
.\ I’o'tiiinii ti r as < nqil'e.i I to di ti rniim 
in ihtTii- the minimum r.iri*;< of motion 
of the nlTiitid joint” hifori {tm ti,;mini 
aas administifid and at \ariou> snh-i- 
qm nt inter; .d” In {iitiuits h uinjtsjKin- 
dvliti', pitiiotm trii di ’• nnin itions aire 
made of till ain;le of str.iitthf hi: r.ii-in.* 
(.■s li U ). I’lixion of the s{)ine aa- esti- 
matiilli; im t'lirint: the dist.ime from the 
finpr-tiiis to the floor aith the {iitient 
fie\ini; the s{)ine aith fht kmes in extin- 
sion .\ll jiitiinfs h.id Ik in reei-ivinp 
j)h\sie.il till r.i(n for v.irvim; {x riods and 
this aas (sintinned iininti rriqitedly diirini: 
tlie {irescnt study. 

In < .leh of the fir-t Iti e.isi*- studied 
{Table 1) 0 mj:. {irosfiymiiu' metlul sul- 
fate and 0 (i nu;. atrojiine sulfate Mere 
injected snhi ntam'oiislv. Three hours 
after the initial dosc, {irostiemine bromide 
aas administered orally in doscs, ahich, 
if toler.ifed, increased from l."> to 30 to 
l.'i mf:. 3 times each day. .\tropinc sulfate 
(0.0 mp.) aas {;i\en Mitli e.ieii dose of 
prostijimiue. Determinations of joint 
mobility acre made {irior to c.ieh increase 
in the dose of prostigmine and on termi- 
natinf: tlierajiy. 

Seven cases aero later studied (Table 2) 
to ileterminc tlie immediate efTect of a 
sin{;Ic iar{;e dose of j)rosti{;mine on nuiselc 
spasm. Ivncli of these jiatients aas pi\en 
4.1 mp. of jirostipmine and 0.0 mp. atropine 
sulfate orally. Observations includinp 
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measurements of range of joint motion 
were made at 1, 2 and 4 hours after 
administration. 

Discussion. As shown in Table 1, only 
2 cases showed an increase in range of 
motion of more than 10° following the 
use of prostigmine. Our experience and 
that of others^ is that goniometric meas- 
urements are reliable onlj'’ to within 10°. 
Because of minor errors in measurements 
and the known daily variation in intensity 
of muscle spasm in rheumatoid arthritis, 
we think that changes of 10° or less are not 
significant. Of the 2 cases which did show 
more than 10° increased motion in some 
of the affected joints, 1 (Case 5) showed 
a concomitant decreased range of motion 
of 15° in 1 of the 3 joints studied. The 
other case (Case 2) showed a significant 
increased range of motion in all 6 joints 
measured. However, it later became evi- 
dent that this patient’s arthritis was 
going into a spontaneous remission at the 
time'these studies were undertaken. Some 
degree of subjective improvement was 
noted by 6 patients (Cases 1, 2, 3, 4, 6, 
14) at some time during the study, but 
' in only 1 of these (Case 2) was there 
significant objective evidence of a decrease 
in muscle spasm. 

Three cases could not tolerate more 
than 15 rag. of prostigmine 3 times a day 
in spite of atropinization. Seven cases 
could take only 30 mg, 3 times a day, and 
G cases 45 mg. 3 times a day. There was 
no correlation between the amount of 
drug tolerated and the degree of benefit 
noted. 

None of the 7 patients given a single 
massive dose of prostigmine showed any 
significant objective release of muscle 
spasm as manifested by increased range 
of motion in the affected joints, and none 
c-xiierienced any subjective improvement. 
In fact, G of the 7 cases developed un- 
])leasant toxic reactions. Four showed 
generalized muscular fasciculations and 2 
had abdominal cramps throughout the 
])eriod of observation. 

The disparity between oiir findings with 
prostigmine in rheumatoid arthritis and 


those of other observers in anterior polio- 
myelitis possibly may be attributed to the 
different origin of the muscle spasm in the 
2 conditions. In anterior poliomyelitis the 
muscle spasm is a complex phenomenon 
due to inflammation in the spinal cord 
with secondary changes in the muscles 
themselves. In rheumatoid arthritis, on 
the other hand, the spasm is due to pro- 
longed guarding against movement of a 
painful joint, and also to inflammatory 
changes in the muscles, fibrous tissue and 
peripheral nerves as described by Freund, 
Steiner, Lichtentritt and Price.®-® The 
central action of prostigmine, such as it 
may be, is apparently insufficient to affect 
significantly the muscle spasm of rheu- 
matoid arthritis. Previous observations 
have confirmed that the action of prostig- 
mine on skeletal muscle is that of an 
excitant, and this explains the muscular 
fasciculations seen in so many of our cases. 
Although this theory might explain the 
failure of prostigmine to control spasticity 
in rheumatoid arthritis, even though ef- 
fective in diseases such as poliomyelitis, 
we cannot explain the ob\dous difference 
between our results and those reported by 
Trommer and Cohen, and Kabat® in 
rheumatic conditions. 

From our data we conclude that prostig- 
mine induces no significant relaxation of 
muscle spasm in rheumatoid arthritis. 
The slight variation in range of motion 
noted in our cases can be accounted for 
by the daily variations caused by changes 
in weather, fatigue, or other influences 
which so commonly make the rheumatic 
patient better on some days and worse on 
others. We have avoided emphasis on 
subjective benefit, as many rheumatic 
sufferers are highly suggestible, often e.x- 
pressing some relief from placebos alone. 
Objective findings are little influenced by 
the receptiveness of the indi\ddual to a 
new form of therapy, and so are more 
reliable. In our opinion, a potent drug 
such as prostigmine should yield definite 
benefit to justify its continued use in 
rheumatoid arthritis. This we have not 
found. 
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MELITURIA IN HEALTHY AMERICAN MEN WITH SPECIAL REFERENCE 

TO TRANSITORY GLYCOSURIA 

By Irving J. Wolman, M.D. 

SUHGEON (n), V. S. PUBLIC HEALTH SERVICE 
SHEEP6HEAD BAY, BROOKLYN 29 , NEW YORK 

(From the U. S. Maritime Service Training Station and tlie IT. S. Public Health Service Hospital) 


Whenever any large group of individ- 
uals presumably healthy are surveyed by 
urine analysis, a certain small percentage 
will be found to be excreting reducing 
substances at the hour of the survey. 
Opportunities to discover and study such 
questionably abnormal individuals have 
become more numerous in the past few 
years, as a direct consequence of the fit- 
ness examinations being given to millions 
of young men and women prior to their 
entry into the fighting forces. The pres- 
ent paper summarizes the ex-periences and 
follow-up studies made on 77,293 consecu- 
tive male enrollees received at a large 
Maritime Service Training Station. When 
screened by urine analysis within the 1st 
day or 2 of reporting for duty, 324 (0.42 %) 
gave a positive reaction to the Benedict 
test for sugar in the urine. 

Few reports on the incidence of meli- 
turia in recruits for this war have as yet 
appeared. Peel and Peel® studied some 
115 cases of glycosuria encountered in an 
unspecified number of men called up for 
service with the British Army. Of these, 
43 were classed as clear-cut diabetes, 42 as 
borderline diabetes, and 30 as renal gly- 
cosuria. Blotner and Hyde® recounted 
their experience with 45,050 consecutive 
military inductees from the Boston area. 
Melituria was found in 367 (0.8%), 
divided as follows: diabetes mellitus, 208 
(0.46%); transient glyeosuria, 126 (0.28%) 
renal glycosuria, 3 (0.07%). Spellberg 
and Lefl'“ reported on 32,033 similar in- 
ductees seen at New Orleans; 37 instances 
of glycosuria were found, of whom only 
9 were diagnosed as having diabetes melli- 
tus. The etiology of the sugar in the urine 
of the non-tliabctics was not investigated. 
None of these reports gives information 
as to whether the population of eligible 


males from which the inductees were 
drawn had been screened by prior physi- 
cal examination including urine analysis.^®^ 

During the war years the number of 
men volunteering for hlaritime Service 
training was always greater than the need. 
It was the custom, therefore, to rejeet 
summarily, at the enrolling offices, all 
applicants found with sugar in the urine. 
Further studies were made only when 
evidence was submitted from outside 
sources that the melituria was benign, or 
when an enrolling physician chanced to 
take a special interest in some applicant. 
The incidence of the varieties of melituria 
in the series here reported is therefore 
not representative for the population as 
a whole. The findings portray conditions 
existent in a selected group of American 
adult males, adjudged to be in good 
health by a physical examination received 
within the preceding few weeks. 

For strict accuracy no individual with 
melituria should be diagnosed as having 
glycosuria or dextrosuria until the ex- 
creted sugar has been actually identified 
as dextrose. Such identification can be 
carried out with reasonable reliability by 
any clinical laboratory, though incontro- 
A-ertible recognition requires skill, time, 
and much special equipment. Dextrose 
and also levulose become completely 
destroyed on incubation with baker’s 
yeast at 30° C. for 2 to 6 hours, Avhereas 
galactose and pentose resist fermentation 
under these circumstances. LcAOilosuria 
(fructosuria) is so rare that any yeast- 
fermentable reducing substance found in 
urine may be held to be dextrose without 
further investigation, unless the attendant 
circumstances are peculiar. 

"Pseudomelituria” may be met Avith 
at times, due to the presence in the urine 



If'fi «i>!.\ian: Mi.i.rii nn in 

«>f rfiltif'iii^; (iiImt tliiin Mij’iiri. 

'I'lif hc.-il way (<i nvniil .siidi fain- 
1 % liy <’<irn-cl apjilii'atinti of tlif fnf pro- 
ct-diiri-^. Wlifii fir<t(i>-rly c.irn'cil mil in 
tiic rcc(iimnt'nt!i-<l [troporfioti-i JJi-rn-dior’a 
t(',t i'l nifliiT Iiiyiily With no 

uion- tliiiii 2 iiiiniitc. o\'# r n llnnic. 

or d iiiiiitttoi in a uatcr-iiiiiii, fliii roapi-nt 
li;r. a tlircdiofil -'•n-'itivity of alifnit .VI iiit;. 
of Miyar ji>r HKl ml. of iirim* 

*riic fiil'f iHt.iiivi'i it arc ti'ifially 

iraroatilo to nton* pro!iiiit;ril to 

lirat. It is milch 11“-. prone ili.'ui to.t-. of 
the I'elilitn: or 'IVommir lyjie to j;i\e 
po'itive reaeiioii'i iti tlie aloenee of a true 
Mittar. 

CInssification and Criteria. 1. 'I'c^.vii- 

touv MM.tit'tiH. Oi) •il'tr;/. I'rnif- 

or fruit jiiiet-. in e\ee i evola- Micro .tiria 
or triiico'.nria; e.imly or to;evt may imhiee 
(Ic’ctro'.nria, maltoMiria, or deitrimiria; 
e\ei“'S laefo>e or j,*alaelo e ro iilt- ill laeto- 
Mtfia or f;a!aeto..iiria. Dvcrllow nielitn- 
riai of this ‘ort, of dietary orittin, are 
tratf.ttory and hurmlc'^. Of tlu-e Micar.-. 
the only one-, which will ordinarily he 
picked »[) hy llenedietV te.t are maltose 
and de.'Ltro-.e. 

(/() 'I'orlr. I’atient.^ ill with .sundry 
disorders .sometime-, excrete de\tro-e in 
the iirim*. 'i'his has hcen rctiorted in 
prepnmey, fnninculosis, lead iK»i-oninp, 
eerehral conditions, hyperthyroidism, hy- 
[)er[iiluitarism, and febrile .state.s. 

(e) Kiiioluiitdl. Ilifrh emotional .straiti 
can c.xeite a temporary de.Mrosuria. The 
current jihy.siolofrie e.vplanation of this 
phenomenon, ha.sed on Cannon'.s eat e.v- 
perimenf.s, i.s that mider .strong emotion, 
.such a.s fright, epinejihrin hecome.s .secreted 
in nuirmented degree.^'’ The epineplirin 
tnaInh'Kcs Iiciiutic plycop;en and transitorily 
rai.sc.s the blood stijrar level aiiove the renal 
thrc-sliohl. 

2. Ri:n.ai> Gi,YCo.st;i(iA. Tliis eondition 
is often familial. The e.xerction of dex- 
tro.se is chronic, continuoii.s, non-proRre.s- 
sive, and harmless. The quantity of dex- 
trose excreted difl’ers from patient to 
patient; it may fluctuate with variations 
in carbohydrate intake hut in the more 
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niark'cfl instam-f . i-. larp-ly indep«a<l<;it 
i>! ilii't, Jlcdiietion of hhfod yiti'nr l/y 
ill iilin may tr.iti imtly inhibit the exerc- 
fion. fn accord wirh .MarlilcN/ rcitmi- 
imndaflon, only (hoc individuals wlia 
excrete d'-xlro c lonfiinmndy thrmi'-l; 
day and tiij.‘ht -hoidd be di;icno-cfl 
haxiii}.; remd ylyco uria. 

:{. l,ow lit.', XI, Tiini sKoi.ti, This diiii;- 
nii.i- is r*-irxtd for tim e non-dialstic 
indiviihiab who Imxi- nc-atixe iirinc when 
fastim; hut who cxcn-tc siik'ar followint; a 
inc.d ixiiii.'iintfi.' c;trhohydrutc. Mo-m* 
tha! and .\'hc’ have decrii.ti! iioxv the 
blood thri'l:oId h-vel . for deXtro-c c\(Tl- 
tion may r.uicc l»-txve(n If'O and H'O mt:. 
}M-r ml. 'J’he laltir fi^rnre is ixmi- 
nioiily t.'d.en as tin- lo'.xir limit of normal 
ri-nul thrt -hold for devtro c. 

In Isitli renal j;Iyix)'iiria and low reimi 
lliri 'hold thirc arc I'o .symptoiiis and no 
hx pi Ti-lyi ctnia, citlar ditrii fastini: or 
after a im-.d. ’I'iic dextro-c tolerance ti-?t 
rcvi-.ds a norm.d or iimt'iially flat curve. 
'fVeaimcnt is not needed. Kx'cry newly 
di'ixixercd ea-e .slionld he oh-erved medi- 
eally for .some year., imi'mneh as rare 
patients with bemnniny dinbeti.s inrllitii.' 
may siimdate the.se eonditinii';. 

■b Di \m.Ti s Mr.t.UTfs. The diapno.i- 
tie tool relied upon most for otahli.'hin.i: 
the iirc'cnee or aliscnee of diahete.-' is the 
dextrose tolerance te.'t, in one' or another 
of its variant forms. 'J'o ascertain the 
approximate remd t}ire.shoId urine .samples 
are tested at the .same times that blood 
speeimeiis are taken. With the 1 do.-^^ 
hour test, the fa.sting blood suyar is 
first determined, JOfl pm. of de.xtrosc arc 
pi\-en orally, and specimens of x'cnons 
blood eoileeted at 1,2 and hour intcr- 
x-ahs. 'i'lie standards taken for top normal 
response are: a fasting reading of lc.ss 
than nhont 0.12 gm. sugar per 100 ml. of 
hlootl, n 1, hour x-ahic of !e.ss than uhout 
O.IS gm.’per 100 ml., and a return to 
0.12 mg. by 2 hours. With the Exton- 
Ro.se 2 dosc-1 hour test the fasting blood 
sugar i.s first determined, 50 gm. of dc.x- 
trose are given orally, a second blood 
specimen is taken after 30 minutes, a 
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second dose of 50 gm. dexti'ose given, and 
a final blood specimen collected 30 min- 
utes later. The standards taken for top 
normal response are: a fasting level of 
less than about 0.12 gm. per 100 ml., and 
and 1 hour blood sugar values no higher 
than 0.16 to 0.18 gm.® Prior to perform- 
ing either of these tests — and borderline 
cases receive both — 300 gm. of dextrose 
solution in excess of the normal diet is 
usually fed for 2 or 3 days, in order to 
stimulate the insulin-producing mechan- 
isms. Thus are avoided the confusing 
results so often obtained when the ante- 
cedent diet has been low in carbohydrates 
or inadequate in calories. 

Some physicians are content to e.x- 
clude the diagnosis of diabetes mellitus in 
suspects whose arrival specimens con- 
tained sugar, if additional specimens, col- 
lected postprandially, are sugar-free. 
Without doubt this practice rules out 
well-established diabetes (if untreated) 
but mild or incipient cases can slip 
through a screen consisting solely of 
repeated urine tests. Such incipient cases 
(the so-called latent or potential or "pre-'' 
diabetics) can be sugar-free after a fast 
and in the early morning, but will excrete 
sugar after ingestion of sweets or a large 
meal. The dextrose tolerance test is a 
much more sensitive and reliable pro- 
cedure. In otherwise healthy indiAuduals, 
under appropriate conditions, “negative 
reactions to tolerance tests almost always 
can be accepted with assurance as evi- 
dence of absence of diabetes.” (Wilder.*-) 

5. Congenital Non-dextrosic Mel- 
ITURIA. Pentosuria, fructosuria, galacto- 
suria and sucrosuria are recognized heredi- 
tary abnormalities. Small amounts of the 
re.spcctive sugars are excreted more or less 
continuously into the urine while the de.x- 
trose metabolism remains entirely nor- 
mal.*®'’ Lactosuria docs not occur in adult 
males. 

6. Undiagnosed. In this group we have 
placed all who were transferred to other 
stations or who discnrolled, voluntarily or 
otherwise, before diagnostic studies were 
eomidctc. 
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Subjects and Methods. Between March 
1943 and April 1945, 77,293 consecutive 
male trainees were admitted to the Sheeps- 
head Bay Training Station of the U. S. 
Maritime Sendee. These men were nearly 
all American citizens, and were recruited in 
the northeastern quarter of the United 
States. At the time of reporting they were 
free from obvious illnesses apart from occa- 
sional upper respiratory tract infections or 
other^ minor acute disabilities. All had 
satisfactorily passed physical examinations 
and presumably had sugar-free urine when 
enrolled at regional ofSces in the month 
prior. Their urine specimens were usually 
collected for test on the day following 
arrival at the training station, in mid-morn- 
ing or mid-afternoon, between 1 and 3 hours 
after a meal. 

The examination period found most of the 
men fatigued and emotionally upset. Their 
home ties and business affiliations had just 
been broken, and a new pattern of living 
was about to begin. Manj'- had been travel- 
ling long distances, on uncomfortable stuffy 
trains with poor facilities for eating and 
sleeping. On arrival they had been ushered 
into an impersonal and beirildering military 
roiitine. They were now being taken to the 
medical department for a physical going- 
over, with the foreknowledge that painful 
inoculations would immediately follow. 

The urine spechnens were tested for sugar 
with Benedict’s qualitative reagent. The 
tubes were placed in a boiling water bath 
for 3 minutes exactly, and readings made 
immediately afterward. Positive specimens 
were next subjected to Benedict’s quantita- 
tive test, and the content of reducing sub- 
stances expressed in terras of dextrose. With 
every subject haUng persisting melituria, 
and with 65 successive indiUduals having 
transitory melituria, the sugar in the urine 
was identified as dextrose in everj" case b}- 
yeast fermentation. It has therefore been 
assumed that with all subjects in this series 
the excreted reducing substance has been 
dextrose. 

All men with positive urine findings were 
called back by the medical department for 
a clinical history, further urine analyses, 
and blood studies in most instances. 

Eesults and Discussion. Of the total of 
77,293 arri\dng trainees, 324 (0.42%) ex- 
hibited melituria. On diagnostic study 
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289 healthj'’ enrollees undergoing exam- 
ination was found to be temporarily 
excreting a reducing substance, presump- 
tively dextrose. The possible pathogen- 
esis is discussed further in a later section. 

With the 7 cases diagnosed renal glyco- 
suria all urine specimens contained 
sugar, including those secured when the 
blood levels were as low as 60 to 80 mg. 
per 100 ml. Several had positive family 
histories of the same condition, and 2 
were already aware of its existence in 
themselves. With 4 the dextrose toler- 
ance curves were strikingly “flat.” The 
quantity of sugar excreted bj'^ each 
patient was of a more or less constant 
order of magnitude in hour-to-hour and 
day-to-day sampling, the average concen- 
trations being, respectively, 0.5, 0.7, 0.7, 
0.8, 1, 1.2, and 1.3 mg. per 100 ml. of urine. 


rvhenever an arbitrary line is drawn, bor- 
derline findings are bound to be met. 
With controversial cases the interpreta- 
tion and handling fluctuated vdth the 
clinical acumen and professional interest 
of the attending physicians. 

Of the 21 patients with diabetes mellitus, 
17 were free from symptoms and ignorant 
of their illness. In 2 men the urine con- 
tained ketone bodies as well as dextrose: 
1 confessed to ha\dng taken insulin for 
5 years, the other for 6 years. The 2 
others had been rejected recently by the 
army because of early diabetes. All 4 
had hoped to go through the training 
course without the existence of the dia- 
betes being discovered. Not included in 
this tabulation are some additional cases 
of diabetes which came to light during 


Table 3.— Approximate Distribution of Critical Blood Sugar Values in 19 Cases 


Having Low Renal Threshold ^Venous Blood) 


Rcnnl threshold 


Renal threshold 


blood sugar 

No. 

blood sugar 

No. 

(mg. per 100 ml.) 

cases 

(mg. per 100 ml.) 

cases 

91-100 . . 

2 

131-140 . 

3 

101-110 

2 

141-150 

6 

111-120 . 

0 

151-lGO . 

. 4 

121-130 . . . 

2 




In the low renal threshold group exact 
identification of the urine sugar was not 
always possible, but non-dextrosic melitu- 
ria was ruled out by A'irtue of the fact 
that these individuals had sugar-free urine 
when fasting. From the results of the 
dextrose tolerance tests an effort has been 
made to estimate the levels of blood sugar 
at which sugar appeared in the urine. 
This is not highly exact as a method for 
determining renal thresholds, but a sum- 
mary of the observations does give a 
rough picture of the scattered distribution 
(Table 3). 

The equivocal Instances of diabetes 
mellitus were given the benefit of the 
doubt. Only those whose carbohydrate 
metabolism was disturbed beyond ques- 
tion were diagnosed as having diabetes 
and given medical discharges. Family 
history was taken into consideration in 
arriving at the diagnoses. To be sure, 


the course of training, men whose urine 
e.xaminations has been negative on arrival. 

No instance of any of the varieties of 
congenital non-dextrosic melituria were 
met with among this large series of normal 
men. This is not surprising since the 
occurrence rate of pentosuria, which is 
the most common kind, has been esti- 
mated bj-^ Blatherwick^ as 1 in 50,000. 
Bock® estimated the prevalence of fructo- 
suria as less than 1 in 100,000. 

For the undiagnosed cases the distribu- 
tion of age and sugar concentration ran 
closely parallel to those for the total series, 
indicating the random unbiased character 
of this group (Tables 2 and 4). 

Pathogenesis of Transitory Dextrosuria. 
Fourteen men with transitory de.xtrosuria 
were subjected to more intensive labora- 
tory studies. It was first established by 
fermentation tests that the reducing sugar 
they excreted was dextrose. 



If.l 


woi.man: .\;i;i.rri i(iA in iir.M/iiiv amkiucan mi;n 


'I'Ih' Iiyi)otIii-.is was (’xplorcd (lint n 
••.tata of Iiypi-rfrlycrmia fvola'd l«y .•.(rotiK 
iinotiiiii I'vlsti'd at tin- tinir of the 
('crtaiiily tlu' (•irciiiii'’taiica-* imdcr wiiicli 
tin* urine .siieciineiei were lieinj,* M-nired 
were condiicive to apprehen don mid eino- 
tioiiid exi’iteiiienl. lUood hpeeinieits for 
a''''ay were aeeordiipdy drawn a-, .'■oon n^i 
the urine was found fio.itive never more 
tlian 15 to ."() ininntei after voidin;^'. 
'J’lie Mood was nilleelrd on tlie mediral 
examining line, jiist ahead of the room 
where inoenlations were heinp piven. A’o 
'iiilil.fUftUti high fu'uir lrr>l.i iri'rr ili.i- 

cnrrn'd unili r llwf > rintinti-jirinohing rir- 
ctitthilattny. With 10 sjn-eimeiis the.snpar 
content Was hetween 7.‘{ and 100 mp. per 
IfK) ml.; in the remaininp •! it fell hetween 
120 and M's mp. jht 100 ml. 'I'liis ahsenee 
of .strikinp rise in Mood Mipar in hnmans 


the reaflinp! in any .snhjeet rose nhovc 
INO mp. per 1(K) ml., v.liieh is the critic, il 
valiK' (ler-ejited eoniinonly as top nonn.sl'' 
for .snhj'eet'i not on earhohydr.'ite-poor 
itital.e.i. Kxton-Ho e te.^t.s on a .'•cries of 
noiwlevtro.nrir’ cfintroli yielded e:s=cn- 
tially identical re.nlt.s. Tins-e re:siii(.? 
with the de.xtro'e tolerance te.st.s arc 
identical with tho,e dejicrihed earlier in 
this re{>ort, and .snppi'st.s that a state of 
temporarily impain-d phico-e nictnholism 
exisii-d in many of the men at the time 
of their arrival. 

Interview.-, hronpht out that the lives of 
nio^t of the men had heen out of balance 
in the final few day.s of civilian life. ^\itIl 
repniarity one le.irncfl of hasty meals, fare- 
well jiartie:!, pro.s lack of sleep, alcoholic 
drinlcs, family .strains, Innp trips hy train 
or hits, ami antiei|)atory anxiety and 


T.^ai.r. -I.— n» i.vTio'.siMi-' Ilrrurrs- Dhovo'Is Covei ‘.-rmTiON- or Snmt i.v 

Imtui. t.'ai.sK j.h 



No. 

*; f-rini-ni 

0 .'.Ci 

;. Of if-x 

0.0' 

:: to in- 

1.1' 

~ tn 0% 

A1 

■ovf 

Traa-iitor}- 

■s::, 

iia 

bw:,') 

70 

cur;) 

ar. 

(ir.%) 

c 

( 3%) 

I/iw ren.nl thre-hnld 

10 



r, 

(nor:) 

r, 

(aor;) 

0 

(1-1%) 

Itennl rlyen'iirin . 

1 


(otw;) 

.a 

(I.'I'::) 

1 

(1-1%) 

1 

IJinlx'te,, niellinin 


.T 

dif.') 

r, 

(oir:> 

•1 

(10%) 

0 

(-13%) 

Undi.'iRno-'Ml . 

rc 

01 


i.'i 

(00%) 

la 

(0.-.% ) 

3 

( c%) 

Totnli 

: .^o 1 

1 -tr. 


00 

(.ai%) 

no 

(is%) 

IP 

( f>%) 


underpoinp emotional reactions is in line 
with the e.xpericnee of other workers who 
liavc studied this prohletn.'’' 

Suhscqncnt te.st.s showed that only 1 of 
these 14 subjeets had a renal threshold 
below IGO mp. per 100 ml. blood level. 
This individual “spilled over” at 1.S8 nip. 
per 100 ml., yet when his urine was positive 
on the day of arrival his blood level had 
been only 75 mp. per 100 ml. 

Exton-Rose dextrose tolerance studies 
were performed with all but 1 man on 
the morninp followinp the urine analysis. 
In 5 the venous blood snpar level rose 
to 200 mg. per 100 ml. or hipher in either 
the first or the second hour after inges- 
tion of the dextrose. The toleranee tests 
were then repeated after feeding the sub- 
jects liberal amounts of carbohydrate for 
several days. On repetition not one of 


excitement. Yet further query broiipht 
out that all these emotion stimulating 
situations held to ns great a degree for 
trainees with supar-frcc urines as for those 
who were voiding sugar. 

Concentration of Sugar in the Urine. 
The possible relationships between the 
amount of sugar in the initial urine and 
the diagnoses ultimately arrivetl at were 
evaluated (Table 4). Such wide scatter 
of the individual readings was found that 
knowledge of the quantity of sugar in any 
single specimen of urine would appear of 
little service ns a diagnostic aid. One 
notes, however^ that about half of the 
transitory cases had sugar concentrations 
of 0.5% or less, which is the “trace” zone 
of readings, whereas only a minority of 
the low renal threshold, renal glycosuria 
and diabetes mcllitus patients c.xhibited 
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such weak concentrations. Conversely, 
of the diabetes patients nearly half had 
more than 2% sugar in their initial 
specimens, as opposed to a much lower 
incidence for the other groups. 

Summary. 1. A survey was made of 
the nature and incidence of melituria as 
encountered in 77,293 consecutive healthy 
males at the time of their arrival at a 
Maritime Service Training Station. Of 
these, 225 (0.29%) were found to have 
transitory benign melituria; 19 (0.02%), 
low renal threshold; 7 (0.01 %), persistent 
renal glycosuria; 52 (0.07 %) were undiag- 
nosed; and 21 (0.03%) had diabetes melli- 
tus which had escaped detection in the 
enrolling offices. No instances of con- 
genital non-dextrosic melituria were recog- 
nized. 


2. The transitory form of melituria 
tended to become more frequent with 
advance in age. 

3. The mechanism which provoked the 
transitory melituria in some subjects on 
their 1st day of Maritime Ser\dce training 
were far from clear, but emotional influ- 
ences, fatigue, inflexibility of metabolic 
adjustments, and poor “ carboh 3 '’drate sat- 
uration” must have played roles of in- 
constant and differing importance. The 
blood sugar was not elevated in many of 
the subjects at the hour when their 
urines were positive for sugar. 

4. The concentration of the sugar in 
the urine proved of little aid as a guide to 
diagnosis. 
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Aiii:i.i,, ancioiomn ani> iir..sis' 


THE REACTION OF THE VESSELS OF THE MESENTERY AND INTESTINE TO 

ANGIOTONIN AND RENIN*! 

Hv NtcdAito I’d. I). 

Mill \tM I 1*111%, 1*1 % AM% 

A Ml 

IitViNi; H. M.D. 

isi>u>;»i-iii I-.. )siiu*.» 

(I mm dll' I)i'(j'trtmf lit (if An’ilomy, Atc'lii'.il f'didol, I'nitiT-ify of IVnrrylvatiit, nnd tfic Lilly 
fur Clmii-il IN -.-irrli, luilritiajuiln ('ily Hii'intali 

It is Well known tlnd nnc of the fnctor- 


r»s|>onsil)!c for liypcrtcnsion incn-asy 
in peripheral re.-'istanee to Llood flow, 
lleeenfly we have ^llo\^ n‘ lliaf in iiyperten- 
.sion of renal orij,'in, the arterii-'. of the 
raliiiit'.s ear eonstriet anti remain per- 
yistenlly eoteifrietet), iniliratintfan inere.-e'e 
iti peripheral re''i^t!lnee in the sonintie 
area. .\ .similar eoti-'trietion oeeiir' in 
acute hypertension produeed hy inj'eetioiis 
of anpiotonin /irid renin,* 'JTie jirescnt 
e\periments were performed to find out 
hy direct ohservation tvlieflKT or not .such 
constriction occurs in the .splanchnic 
jirofi following; injections of these ,snh- 
stanccs, and if so, whether it is of the 
.same decree as that which has [trcvioiisly 
hcen shown to occur in the somatic area. 

Methods, Fonr rahhits were iisod, and 
in each a jiortion of the intestine, nsually 
jcjmmm or iletmi, and its attached mesen- 
ter}’ was exterinrir.ed in a tran.sjrarent 
intestinal ine.scnteric chamher,''’ usiiift .sterile 
tccliniqiie. Diiriiif; insertion of the ehamhcr.s 
the rnl)l)its were anc.stlietized witli pento- 
hnrl)ifal (.30 lap./k^. of body weipht) in- 
jected subcutaneously. Tiie cliainlicrs were 
protected hy special shields when not heinp 
studied, and remained porinanent I3' atfaclied 
to the rabbit. Intravenous injections of 
anpiotonin and of renin were made 1 to 
14 dnj's after insertion of the chambers, and 
the effect.s upon the A’e.s.sels of flic nic.sentcty 
and inte.stinc studied bj* direct microscopic 
observation. The arteries and veins were 
studied at inapnifications of from 10 to 
30 diameters. Tlie capillaries were studied 


at Jiiapnitiratioiis of ofK) and -KK) diameter-, 
and only fho-e in the tiio'enter}' rcerc eb- 
serv«-d, Oeuhir microtnefrie ineasiircment- 
of the vi.--e!s- acre made during control 
iM'riodi of l.'i to .'if) minutes before injection 
and the fields acre jihoto^rnphed. Follon'- 
inp the control olerTvalions, anciotonin and 
renin uere iiijectr<l and tfie .same VO'CU 
uere apain me.'isured and photopraphed. 
.\ll injeetions v.ere made into lateral car 
vein-. 

’rhe arterie- of the me-entety studied had 
Control dianu'ter.s of from 0.12 to 0.42iinin., 
and tho-e of the intestine 0.00 mm. The 
veins of the me-enterj' had control diameter? 
of from 0.3 to 0.{) mm. 'I’hnse of the inte.stinc 
were not studied. 

The renin u-ed was hop renin and wn' 
jirepared by th(‘ method of Ilelrner and 
l’ape.‘ 'I’lie anpiotonin was prepared by the 
method of Pape and Ilelmer.* 

ObsotT’ations. Costiwl. With the 
e.\cej)tion of rh.vthtnic and spontaneous 
constriction of tlie preenpiliarv sphincters 
and metartcriolcs, such as described b.v 
Chambers and Zweifacli,'* no appreciable 
cbanpe.s were observed in the diameters of 
an\' of the ve.ssels. 

ExrKtiixir.NT.M,. 1. Rraedon of the I cs- 
srh to A7ifiiolonin. Fifteen injections of 
anpiotonin were made in amounts vnr.ving 
from 0.2 to 0..3 ee., and the effects upon 
the arteries, veins and capillaries studied. 

Arteririi: Fourteen arteries of the me.s- 
entery and 2 arteries of the intestine ^ye^e 
obser\’cd. The arteries all rcsi^onded simi- 
larly, Between 1 and 2 minutes following 


♦ Tills work wns aided hy a Kraut made to tlio department of ntintomy at the University of Pena- 
sylvanin by Eli Lilly & Company. . 

t Brief rcforonco to some of the results piven in tliis paper was made in a report presented Doforo tac 
PliysioloRical Society of Philadelphia, .so.ssion of May 19, 1912 (Am. .T. Med. Sci., 203, 914, 1942), an 
in an abstract prepared for tlie American Association of Annlomi.sts (Annt. Roc., 85, 330, 19 13). 
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the injections, they constricted 25 to 50 % 
of their control diameters, and returned 
to their control diameters within 3 to 
10 minutes; usually within 3 to 6 minutes 
after the smaller injections and 5 to 10 
after the larger ones. 

Veins: The degree of constriction in 
the veins was not as great as in the arter- 
ies. It varied from 10 to 30 % of the con- 
trol diameters. The time of onset of such 
constrictions was usually between 1 and 
4 minutes after the injections. Relax- 
ation did not occur until some minutes 
later, but the exact time of return of the 
veins to their normal calibei'S was not 
determined. 

Typical constriction of the mesenteric 
arteries and veins caused by injection of 
angiotonin is shown in Plate I. 

Capillaries: The capillaries did not 
respond visibly. They did not constrict, 
their lumens remaining open at all times. 
No appreciable changes were seen in rate 
of flow through the capillary bed following 
injections of 0.2 and 0.3 cc. of angiotonin. 
The injection of 0.5 cc. may have pro- 
duced a slight reduction in rate of flow, 
but in any case the blood flow was not 
interrupted at any time. 

2. Reaction of the Vessels to Renin. 
Thirteen injections of renin were made in 
amounts varying from 0.1 to 0.4 cc., and 
the effects upon the arteries, veins and 
capillaries studied. 

Arteries: Thirty-two arteries of the 
mesentery and 3 arteries of the intestine 
were observed. The arteries all responded 
similarly; they constricted 40 to 70% of 
their control diameters after 1 to 2 min- 
utes, and returned to their control diam- 
eters after 15 minutes. Thus the constric- 
tions caused by injections of renin lasted 
in some cases longer than those caused by 
angiotonin. 

In 3 experiments the vessels of the 
mesentery and intestine were watched 
with a bijiocular dissecting microscope at 
a magnification low enough to permit see- 
ing all of them at once. Following injec- 
tions of 0.2 cc. of renin all of the arteries 


were seen to constrict at about the same 
time. 

Veins: The veins also constricted fol- 
lowing injections of renin. The degree of 
constriction varied from 12 to 40 % of the 
control diameters. 

Capillaries: The eapillaries did not 
respond visibly. No appreciable changes 
in rate of blood flow through the capillary 
bed were observed following injections of 
0.1 to 0.2 cc. of renin. Whether or not 
some reduction in rate of flow followed 
injection of larger amounts we are not 
certain. It was possible to determine by 
direct observation, however, that the blood 
flow was not interrupted at any time. 

3. Effect of Angiotonin and Renin Upon 
the Motility of the Intestine. Injections of 
both angiotonin and of renin were fol- 
loAved by vigorous peristalsis of the intes- 
tine. Such peristalsis usually began dur- 
ing the 2nd minute after the injection 
and lasted for about 2 to 3 minutes. This 
peristalsis caused swaying movements of 
the mesentery, and in consequence some 
change in arrangement and position of 
the vessels in the chambers (see Plate I). 

In some instances peristalsis was ob- 
served during the control periods, and in 
these cases it was seen that although the 
vessels of the mesentery and intestine 
were moved about by it, they did not 
constrict. Consequently the constriction 
of the arteries and veins observed in the 
present experiments was e^Idently due to 
the efi'ect of the angiotonin and renin 
upon the vessels themselves, and not to 
the movements of the intestine and mes- 
entery. 

Discussion. It is ob\'ious from the data 
given above that the arteries and veins of 
the mesentery and the arteries of the 
intestine of unanesthetized rabbits con- 
strict in response to angiotonin and renin 
when these substances are injected intra- 
venously. The degree and duration of 
arterial constriction following the injec- 
tions of angiotonin and renin were ap- 
proximately the same as in transparent 
moat chambers in rabbits’ ears- following 
injections of the same amounts of these 
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Plate I. — PliotoRraplis of arteries and veins of tlie nicscntec’ of an nnaiiestlictized rabbit, shownc 
the appearance of tlie vessels in an intestinal mesenteric chnml)cr before and after intravenous injection 
of 0.5 CO. of anRiotonin. Tlic same arterj’ is indicated by “A" and tlie same vein by "V’’ in all of the 
pbotofjraphs. Tbo cIinnKO in positions of the vessels was caused by movements of the mesentery duo 
to the violent peristalsis of tbo intestine rvliieb followed tbo injection. (X‘5.0.) 7 , Before injection. 

2, The same vessels li minutes after the injection. Tlie arteries and veins are constricted. S, The sMC 
vessels minutes after tbo injection. Tin's was tbo time of maximal arterial constriction. The 
same vessels 12 minutes after the injection. The arteries and veins liax’o relaxed to npproximatelj 
tbeir control diameters. 
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substances. That the blood flow remain- 
ed approximately normal in the mesenteric 
and intestinal vessels in the present experi- 
ments following injections of 0.1 to 0.2 cc. 
of renin and of 0.2 to 0.3 cc. of angiotonin 
was shown by direct microscopic observa- 
tions of the flow through the capillary bed, 
and by absence of blanching of the mesen- 
tery and intestine. 

The above observations are in accord 
with the suggestion made by Landis,® 
based' upon studies by Landis, Mont- 
gomery and Sparkman,’ that “in contrast 
to other pressor substances the active 
material in kidney extracts increases the 
tone of all the arterioles throughout the 
body more or less equally. Since in each 
vascular bed peripheral resistance and 
arterial pressure rise proportionally, blood 
flow remains approximately normal.” 

Constriction of the veins in the present 
experiments was anticipated because it 
had been observed in the rabbit’s ear fol- 
lowing injections of renin and angiotonin,^ 
and because veins of the size studied con- 
tain appreciable amounts of muscle. Fur- 
thermore, it had been shovm that angio- 
tonin and renin cause constriction of 
arterioles lacking a nerve supply, and 
hence presumably angiotonin has a direct 
action upon the vascular muscle. It is 
of interest in this connection that Wilkins 
and Duncan® observed a rise in venous 
pressure in normal persons in which hyper- 
tension had been induced by injection of 
angiotonin. 

The present studies demonstrate con- 
striction of arteries in the living animal 
following injection of renin and angio- 
tonin. Previous studies by Single and 
Strauss® show that the isolated beef artery 


likewise constricts upon addition of active 
kidney extracts. 

It has been reported previously that 
the capillaries in transparent chambers in 
rabbits’ ears do not constrict following 
injections of angiotonin and renin,® and 
the present studies show that in the 
mesentery they likewise fail to constrict. 

Since the arteries of the mesentery and 
intestine constrict following injections of 
angiotonin and renin, it seems not unlikely 
that they constrict also during chronic 
hypertension of renal origin. As stated 
previously, during the development of 
hypertension of renal origin the arteries 
in the rabbit’s ear constrict, and remain 
persistently constricted during the period 
of hypertension, thus increasing the re- 
sistance to blood flow. The present work 
suggests that during such hypertension, 
arterial constriction in the splanchnic area 
may also play a part in increasing the 
resistance to blood flow. 

Summary. 1. The present experiments 
demonstrate by direct microscopic ob- 
servation that both angiotonin and renin, 
when injected intravenously, cause con- 
striction of the arteries of the mesentery 
and intestine of unanesthetized rabbits. 
The veins of the mesentery also con- 
stricted, The veins of the intestine were 
not studied. Neither substance caused 
constriction of the capillaries, nor any 
appreciable change in rate of blood flow, 
as shoAvn by direct observation of the 
capillary bed; nor did either substance 
produce blanching of the mesentery and 
intestine. 

2. Both angiotonin and renin, injected 
intravenously, caused \-igorous peristalsis 
of the intestine. 


Wo nrc indebted to Mr. B. B. Yarian for the photographs. 
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SULFAPYRAZINE—ITS USE JN THE PROPHYLAXIS OF 
RESPIRATORY DISEASE 

By I/r. (’()!.. H. H. Bt£oii--K.\ri.v, M.C.* 
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rn.viinio.vs jio’iilinr to iiiilitiiry ojicrit- 
tions fr(‘(|iii iitly Imvt- ninTjitcd to pnuliicc 
f\oc.''''ivcly Iiifjli rati"' of rf^jiiratory ilis- 
<‘a;-(‘ ill pi'iiiTal and of ‘.ticptococcal liiMaiyi* 
in particular. In many in^itancc- flic In'-, 
of inaiwlaya cau'-cd liy thi', type of dNcaM' 
liad liccoiiK' .‘-ncli a .‘'crions liarricr to the 
effective /iro-'ccnf ion of the u«r </fort that 
it hccatiK' expcilicnt to attcni|)t t/i ilevi'-c 
jiroccdiirc-s that miyht effectively lower 
the.'C di'^ence rate.'-. For thi'i re/i.son, and 
bayed on ii'-.-itiniptions implicit in the 
literature,’ *-^ the propliylaet ie ii'-e of .‘-mnll 
daily do.yat:e.s of .siilfonamidey for the 
control of re.spiratory di'-ea'-e.'; has been 
tried and ha.s met with considerable 
.sneec.s.s in the de.sired temjiorary yoal. 

Of the .snifonamide.s that have been 
chosen for thi.s purpose, .sulfadiazine ba.s 
been the drug of almost universal choice. 
Xunierons c.vperience.s have atte.sted to the 
fact that it.s use has been attended not 
only with succes.s in lowering the respir.a- 
tory disease rate but also with a surpris- 
ingly low incidence of serious to.xic reac- 
tions.’-*-® Unfortunately, however, during 
the winter of Ifll-l-Ifll.'), .strains of 
Group A, Type 17 .strcptococeus highly 
resistant to sulfadiazine were recognized 
with increasing frequency and were re- 
sponsible for relatively alarming outbreaks 
of streptococcal diseases. As might be 
c-xTiectcd, the use of sulfadiazine for either 
prophj’Iactic or therapeutic purposes prov- 
ed ineffective in controlling diseases due 
to this group of organisms. 

The mechanism of acquired resistance 
by an organism to a chemotherapeutic 
agent is as yet unclarified. I^owe^"e^, con- 
trary to previous ideas gained largely 


through a .‘-tmly of "sulfonamide fastne.".'” 
induced ill vitro, jireliminary oh-ervation--* 
ha\-e indicated that organi'-ni.s naturally 
re.si'-tant to ] type of .siilfotiainide may 
retain their sen.sitivity to other sulfona- 
mide drugs. If these observations prove 
to be true, it might be po-siblc effectively 
to t-mplny I siiifonntnuU' lor prophyhixh 
ngain.--f organFins resistant to the pro- 
phylactic activity of another sulfonamide 
tlrng. Or it apjiears conceivable that, if 
prophylaxi.'i with one type of sulfonamide 
is aceomjianietl by hosjutal adrnis.doa.s 
due to di-e.xse cammed b.v organisms resis- 
tant to (his particular drug, another (>710 
of sulfonamide might be used for the 
treatment of such patients. 

Uforcover, where.as sulfadiazine pro- 
phylaxis has been repeatedly demonstrated 
to be both effective (in the absence of 
sulfadiazine-resistant strains) and rela- 
tively non-toxic, it is po.ssible that other 
sulfonamide drugs might he u.scd '"dth 
even greater effectiveness and with le^ 
dangerous side reactions. Accordingly, it 
appeared important to evaluate the results 
obtained with the use of other sulfon- 
amides for the chemoprophylaxis of respi- 
ratory infections. 

Preliminary clinical studies have indi- 
cated that sulfap.iTazine'-®-' was effective 
in the treatment of pneumococcal disease 
and that its use was attended by a very 
low rate of toxic reactions. Viherens a 
relatively small number of patients had 
been treated successfully wdth therapeutic 
dosages over short periods of time, to our 
knowledge this drug has nei’er been used 
for chemoprophyla.xis and no data were 
available concerning its effects on man 


On leave of absence from the Maj' Institute for Medical Research, Cincinnati, Ohio. 
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when given in daily small dosages over an 
extended period of time. It therefore 
appeared desirable to acquire data con- 
cerning sulfapyrazine prophylaxis. Ac- 
cordingly, the effectiveness of sulfapyra- 
zine for the chemoprophylaxis of respira- 
tory disease was investigated. 

Methods. This study was performed at 
an Army Air Base during the mnter months 
of 1944^5. At this Field, large groups of 
soldiers received a 26 week course of instruc- 
tion and it was therefore possible to study 
respiratory disease rates in a comparative!}'' 
stable population over a significantly long- 
period of time. Moreover, due to its loca- 
tion and climatic conditions, this Field had 
experienced, in the past, relatively high 
respiratory disease rates and it Avas also 
known, from previous studies, that a 
Group A, T3’'pe 17 hemolytic streptococcus 
had long been endemic. 

From the population of this Field, 4 sepa- 
rate squadrons, each containing approxi- 
mately 1000 men, were chosen to receive 
prophylaxis. Two of these squadrons. 
Squadrons H and L Avere located in one area 
of the Field. The other 2, Squadrons N 
and 0 Avere both located in a AA'idely sepa- 
rated region of the same Field. All 4 squad- 
rons Avere quartered in similar cantonment 
type AA'Ooden barracks. The personnel of 
Squadrons H and L used the same mess, 
classrooms, theater, etc., so that a necessar}' 
amount of intermingling occurred. The 
same AA-as true for the personnel of Squadrons 
N and 0. HoAA’eA'cr, the adininistrath'e 
routine of the Field A\'as such that no inter- 
mingling occurred betAA’een the personnel of 
Squadrons H and L, on the one hand, and 
the personnel of Squadrons N and 0, on 
the other hand. For the purposes of this 
investigation, only student personnel of 
these 4 squadrons AA'ere studied as the gen- 
eral enA'ironmental and liAung conditions of 
the attached pennanent party personnel 
Avcrc not comjAarable. 

Since this study Avas designed to compare 
the rclatiA'e effectiA’eness of sulfapyrazine 
AA'ith sulfadiazine and since, for the reasons 


enumerated above, Squadron L was regarded 
as comparable to Squadron H and Squadron 
N comparable to Squadron 0, Squadrons L 
and 0 were chosen to receive prophylaxis 
AAuth sulfapyrazine AAdiereas Squadrons H 
and N received sulfadiazine. It was belieA’'ed 
that it would thus be most feasible to com- 
pare the relatiA’^e actiA’^ities of the 2 different 
drugs. 

The respiratory disease rates were deter- 
mined for all 4 squadrons during a 4 AA'eek 
control period. At the end of that time. 
Squadron H Avas giA'en sulfadiazine and 
Squadron L sulfapyrazine prophylaxis for a 
30 day period. Ten days later. Squadron N 
Avas started on sulfadiazine and Squadron 0 
on sulfapyrazine proph}'laxis for the folloAA’- 
ing 30 da 3 's. The personnel of all 4 squad- 
rons each receiA'ed 1 gm. per day of the 
appropriate drug. 

The administration of the drug AA'as accom- 
plished AA'ith the e.xcellent cooperation of the 
Squadron Commanders, Avho made it a part 
of the Barracks Chiefs' duties to administer 
the daily dosage and to certify that it was 
actually sAA'alloAved Avhile in their presence. 
A negligible number of men AA’as excused 
from taking the drugs due to a preAnous 
history of sulfonamide sensitiAuty. Numer- 
ous unannounced spot checks AA’ere made 
using the simple so-called “ncAA’spaper test”* 
Avhich AA’as capable of detecting even ver}’ 
minute quantities of sulfonamides in the 
urine. Blood specimens drawn at interA’als 
from representatiA’e samples of the squadrons 
shoAved traces onl}’ of sulfap3’razine, but 
since our onl}’ object AA’as to determine 
whether or not the drug was being taken, 
AA’e Avere satisfied AA'ith the results of the urine 
test. On onl}’ 1 or 2 occasions as indicated 
b}’ this test Avas an3’one found aa’Iio had not 
been taking the drug. 

A numljer of pertinent facts AA'ere recorded 
and analyzed: 1. Complete records were 
kept of all hospital admissions for acute 
respirator}’ disease.* 

2. In order to ascertain the influence of 
prophyla.xis on streptococcal disease in par- 
ticular, throat cultures were routinely taken 
on all hosjutal admissions within a maximum 


In tin's sUidy .^cutc rcspir.ntory disease was used to inclnde both upper and lower respiratory infec- 
tions, includiiiR iinsopharA'iigitis (both bacterial and non-bacterial), laryngitis, tonsillitis, scarlet fever, 
bronchitis, pneumonia (bacterial and non-bacterial) influenza and other A'irus infections of the respiratorj' 
tract. It did not include any chronic infections such Jis chronic bronchitis, tuljorculosis, chronic sinusitis, 
etc. In addition re-admi^sion for complications of acute respiratory disea'^c such .as mastoiditis, otitis 
media, etc,, were not considered as separate admissiotiij. 
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of 15 lifdirs nftrr Ihoir nitnuicf to tlic were tnhen throughout the coritro! period 

li(tsi)itnl won!*; niul jmor to nny trcntnuMit. nnd for the rliinition of tlie propliylaxis in 

3. Ilo'^pital udmi-^vioii ratoH relleoted tJic the ^fnmdrotlK included in this study, 

trends of relatively severe and dl.^rddiiif; 5. All j)er.‘-'onncl receiving; prophylaxis 
respiratory disea'-c. On the other hand, was carefully watched for any evidences of 
numerous personnel sufTered from mild dnip reactions. All men had been in.stnicted 

infections not considered severe enough for to report immediately to the di.s|>cn.s^aries at 

their liospitaliration. If wns felt accorrlin/jh' the first .sijrn.s of an}’ of the syinplows knomi 

that a someahal more revealiiiK .study of to occur with the me of sulfonamide.’, 

the trend of resi)irafory disease rate.s could Tho^e individuals who dcveloj)ed nny jw-’i- 

1)0 necom])!ished by recordini; all dispensary blc syrnptom.s of reaction were removed tein- 
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Fig, 1. — Effects of sulfnpyrazine nntl sulfndmzino prophylaxis on respiratory disease rates by ■weeks. 


admissions seeking aid for respirator}’ dis- 
ease. Accordingly a tabulation was kept on 
all dispensar}' admission rates for rcsi)irator}' 
disease. In this study, therefore, the dis- 
penser}’ admissions were used as an index of 
total respiratory diseases. 

4. In order to determine the effect of 
prophylaxis on carrier rates among the 
healthy personnel, weelcl}’ throat cultures 


porarily, at least, from further prophylaxis 
and were referred to the dermatologist for 
appropriate study. The latter recorded the 
type of reaction, its severity and duration 
and determined the ability of the patient to 
react to further small doses of the same or 
different sulfonamide.* 


* We are indebted to Major Ben A. Nornnan, M.C., for Iiis invaluable aid in these particular studies. 
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Results. A. Effect of Respiratonj Dis- 
ease Rates. The effects of the prophylaxis 
on respiratory diseases were evidenced by 
a comparison of the admission rates for 
both hospital and dispensaries during the 
control period preceding prophylaxis and 
for the 30 day period of prophylaxis. 
These figures revealed that the institution 
of both sulfapyrazine and sulfadiazine re- 
sulted in a marked and abrupt decline in 
the rates for all acute respiratory diseases. 
A graphic comparison of these rates is 
given in Figures 1 and 2. 


sion rates were comparatively low both 
before and during prophylaxis and the 
differences resulting from prophylaxis did 
not appear significant. 

However, as noted above, hospital ad- 
missions reflected only moderately severe 
and severe cases. A somewhat more 
accurate picture of the effects of prophy- 
laxis was obtained through comparison of 
the dispensary admission rates for respira- 
tory diseases inasmuch as these latter 
figures more closely revealed the total 
number of respiratory infections. These 



Fia. 2. — Effects of prophylaxis on respiratory disease rates in four squadrons. 


Figure 1 demonstrates a marked and 
uniform drop in hospital admission rates 
in Squadron H during the period of sulfa- 
diazine prophylaxis. In Squadron L 
(sulfapyrazine) and Squadron N (sulfa- 
diazine) the decreases in hospital admis- 
sion rates were also marked although, in 
each instance, during the 2nd week of 
prophylaxis, there was a temporary rise 
in these rates. In Squadron O, which 
received sulfapyrazine, the hospital admis- 


figures for dispensary rates are also given 
in Figures 1 and 2 and demonstrate that 
all 4 squadrons witnessed a marked decline 
in respiratory disease coincident with the 
inception of both sulfapjTazine and sulfa- 
diazine prophylaxis. 

Numerous facts tend to substantiate the 
conclusion that the decline in respiratory 
disease coincident with prophylaxis could 
be attributed solely to the effects of the 
latter and not to the spontaneous disap- 
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peariUKT of mi ('jiidcmic. In the fir,it place, 
.stu(lie.s from iirev'ions .vears had «^tah- 
lislied the fact that the epidemfe pcriorl 
of n^spir)lfory disea.se at tiie I'ield did ml 
end .spontaneon.'ily until May, whereas 
the decline witnessed dnrin/; tin's jiartien- 
lar investigation tx-eurred in a season 
(I'ehrnary and j\Iarch) (hir'mc nldch the 
rates could la* jiredietwl to increase or 
remain tit their alre.ady hij:h levels. In 
the .second place, jirojihylaxis was insti- 
tuted in 2 of the stpiadrons 10 tlays after 
its inception in the other 2. I’ipire 2 
demonstrates that the rates in the 2 squad- 
rons not yet reeeiviii); projihyla.xis con- 
tinued to remain at In'cli levels dnriiif: 
this interval, whereas the rates for the 
other 2 squadrons had already declined. 
However, iinnieiliately after the institu- 
tion of prophylaxis in the last 2 squadrons, 
the respiratory disease rates for these 
proup.s experienced the same sharp de- 
crease. .Again, while not conclusive, these 
facLs bring additional weight to the argu- 
ment that the decline.s in resju'ratory dis- 
ea,scs were not spontaneous. 


the 2 siiuadrons receiving snlfapyrazino 
jirophylaxis are compared with the rates, 
first for '1 other squadrons and, .secondly, 
for the entire remainder of the po.st. 

It was not to he expected that these 
latter rates would he .strictly comparable 
to those of the squadrons receiving pro- 
pliyl/ixis. Due to t}ie phm for operation 
of the I'ield, no .‘-quadrons other than the 
ones chosen to receive })roj)hylaxi.s could 
he selected to form a eomparahle epidemio- 
logic unit,* Due to rliflerent duties, dif- 
ferent housing tsuiditions, different dura- 
tions of stay on the I'ield, etc., conditions 
in the -1 untreated squadrons were such 
as to result in respiratory disea.se rates 
.somewhat lower than tho.-e found in the 
squadrons receiving projihylaxi.s. Fur- 
thvrmore. the total of tho.se units com- 
prising the. entire remainder of the post 
consisted largidy of well-sca.eoned per- 
sonnel with duties ami housing conditions 
entirely different from those of the 4 e.x- 
jierimental sipiadrons. 

It is recognized that epidemics originate 
ami are initially confined to n single bar- 


Taiii.k 1.— CoMrAiiisoN or i^vi.rM>s.\ztsr. and .Sri.rAi-YinriNT Piioravi-YXts 


J'qu.KJron’* frcrivinfr Mjlf.nrli.irinf* Sfjti.idrorL'? rcen’vinR sulfapyrsJft’n* 


Ur.*pjr?»!ory rntr*?!* 

Di^p<T\.«nr.v 

llospitnl n<linK*ion^ , ^ . 

Av(«rn;p? popiilntion . . . , 

4 wk««. prrrrtlmi; 

proiOjylf'ti’' 

. . 2131* 

. . 

. . 20.10 

4 (lurinc 

j)rophyIa-xi< 

1003 

30 J 

2070 

4 t\ ks. prrcctlinR 
prophyl.o-tis 
2170 

CS5 

isio 

4 wk... during 
prorhylaxU 

iws 

391 

isco 


Ijntrrafnf Contrds 

4 Squatlromf 

Kcmamder of Postf 

Ilo.^pital .... 

Avernfre popul.'ition - . . . 

, . 450 

. . 4300 

439 

4145 

Ilr?lrictrd 

312 

Restricted 


• £*.tprM.«i*d in terms of admh^wn* per 1000 per yrnr for the *1 pcrio<l under considemtion. 

t riffures not nvnilnbJc for di.>pcn.snry ndml.-'.sions. 


A third point of evidence consisted in n 
comparison between the admi.ssion rates 
for respiratory di.sea.ses in the experimental 
squadrons and in other squadrons not 
chosen to rcceii’c the benefit of prophyl- 
axis. Those figures are found in Table 1 
wherein tlic hospital admission rates for 
respiratory disease in the 2 squadrons 
recehang sulfadiazine prophyla.xis and in 


rack and then spread through an entire 
squadron. Hue to the quantitative dif- 
ferences in exposures of members of other 
squadrons from those of the affected 
squadron, rates for respiratory diseases 
might be expected to vary. Tliese quan- 
titatix’e differences were such as to main- 
tain respiratory disease rates among the 
4 untreated squadrons at somewhat lower, 


* Tho ideal inothod to establish control units tor those receiving prophylaxis vould have been to 
divide each squadron into 2 halves and to have reserved one of these halves for prophylaxis while the 
other half received none. Unfortunately, inter-barracks shifts of personnel within the same squiidron 
were so necessary that, according to tho Squadron Commanders, such controls could not be roaintamed. 
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and for the entire remainder of the post, 
at markedly lower figures than those found 
in the squadrons chosen to receive prophy- 
laxis, Nevertheless, a necessary amount 
of intermingling occurred between per- 
sonnel of the squadrons receiving prophjd- 
axis and the personnel of the remainder of 
the post. Accordingly, any natural trends 
affecting the respiratory disease rates in 
1 group of squadrons would be expected 
to be reflected sooner or later in the other 
groups provided the comparison was made 
over a significantly long period. The 
figures, in Table 1 indicate, however, that 
whereas a markedly significant decrease 
in respiratory disease rates occurred in the 
experimental squadrons during the period 
of prophylaxis, rates for the remainder of 
the Field were such as to warrant the 
conclusion that the marked decreases in 
respiratory disease rates observed in 
Squadrons H, L, N and 0 were not due to 
any spontaneous, cyclic variations. 


strated that not only streptococcal diseases 
but also that other respiratory diseases, 
even those thought to be causpd by agents 
not susceptible to sulfonamides, were de- 
creased as a result of prophylaxis. The 
explanation for this fact is not clear. 
However, in this particular study, the 
same findings were observed. The use of 
sulfonamides was expected to produee its 
greatest effect on those diseases caused 
by organisms sensitive to these drugs. 
Such diseases include all those caused by 
the beta-hemoly.tic streptococcus and the 
gonococcus.* As a result of the routine 
throat culture studies on all hospital 
admissions, it was possible to differentiate 
the respiratory diseases of non-strepto- 
coccal origin from those caused by the 
streptococcus. 

In Table 2 a comparison is made of the 
effects of both sulfapyrazine and sulfa- 
diazine prophylaxis on the admissions due 
to organisms definitely susceptible to sul- 


Tablb 2.— Compahison of Sulfapvrazine and Sudfadiaeine Prophylaxis on Diseases Caused 
BY Streptococci and Gonococci and Diseases not Regarded Susceptible 

TO Sulfonamide Therapy 


SuWadinzinc 


Sulfapyrazine 


Types of difca.se prc 

Total eases caused by streptoeoecus and 

itonococcus 

Strep, pharyngitis 

Scarlet fever 

Gonorrhea 

Noii streptococcal respiratory disease . 


, preceding 

4 wks. during 

4 wks. preceding 

4 wks. during 

iliylaxis* 

prophylaxis* 

prophylaxis* 

prophylaxis* 

29 

10 

34 

11 

13 

5 

10 


11 

2 

IG 

2 

a 

3 

S 

4 

102 

51 

71 

49 


Untreated Control — Remainder of Post 

4 wks. preceding 4 tvks. during 

prophylaxis* prophyla.xis* 


Scarlet fever 39 80 

Gonorrhea 57 59 


* rigiires represent actual number of cases. 


Accordingly, by virtue of the various 
arguments advanced above, it is believed 
that the weight of the evidence leads 
to the conclusion that the decline in 
respiratory disease rates in the squadrons 
receiving prophylaxis could be attributed 
quantitatively to the use of chemopro- 
phylaxis. 

In previous c.xperienccs with sulfona- 
mide prophylaxis®'^ ® it has been demon- 


fonamides and the admissions resulting 
from organisms and viruses not susceptible 
to the level of chemotherapy used in this 
studjx It will be observed that sulfapyra- 
zine and sulfadiazine were both markedly 
effective in reducing the number of ad- 
missions due to scarlet fever, other strep- 
tococcal respiratory diseases and gonor- 
rhea. It is also apparent, however, that 
the incidence of respiratory diseases other 


* Xo cases of mcnmpUi.s were observed durinp the entire period of study. Sulfonamide prophylaxis 
in the dos.npcs u.'cd here, did not appear efToctive apainst pneumococcal pneumonia. 
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(hail thoM- t'Diiiiu'rntfd nimve alho was 
decreased coincident with tlic use of Ijoth 
tyjK's of prophylaxis. 'J'aidr 2 also dcmnii- 
stratc.s that the incidence of .slrei)tocoeea! 
liisease and t)f ^onorrliea iinilerwenl no 
sjiontaiu'oiis decline in the reiiiainder of 
llic Field. 

Taiii.j: i?.— 'J’ aiu.j: or Dm >.nnNrr.H ron *1 U'r.r.K 


TdtnJ hnspitn) rr^pir.iOirj ilisri*#* , 

Tutnl liD*>pUrtl »>trrp, rr-punli'tj 

'Kolnl ........ 

r< ’ptratnry 

Avvtttr.'* populalioti . . . , * , 

• riitnm not nvnil.nbif. 


in disease.s caused by the .streptococcus 
and {,'onocoecns (t = 2.71). On the other 
hand, there was no sipiificant dilTercnce 
between snifapyrazine in Squadron L and 
snlfadiazine in ref,'ard to reduction of hos- 
pital admission rates for all acute respira- 
tory disea.ses (t = l.O.')).* 

Pmoji TO .\M> *1 WrfiKH Dum.No Piioriivi..\XB 


4 untfcitod 


2 fUnrinr 


h^qii'tflrnn Jj 

co.'itrol 

f^qutiirortn 

l>) raiinc 



. ns 

it 

32 

H 

J7 

1 

17 

a 

• 

icT) 

fyj 


• 


iOih 

R3:i 

4253 


A statistical analy.sis of the various 
results eniuncrated above was kindly per- 
formed by Lt. .Arthur Kemp, .A.C., of the 
Department of Statistics, .A.AF School of 
.Aviation Medicine. Tal)le .'} pives the 
diffcrenct'S between 4 weeks prior to and 
4 weeks duriiift prophylaxis for total (di.s- 
pensary) respiratory di.sca.'-es, hospital 
admi.ssions for resjjiratory fli.scascs and 
ho.spitnl admissions for .streptococcal dis- 
ease plu.s gonorrhea. It was found that 
both squadrons receiving sulfadia'/ine pro- 
phylaxis were coniparaI)le and covd<! !)e 
used as a single unit for statistical com- 
parison, However, for rea.sons enumer- 
ated aljove, the 2 squadrons wiiich re- 
ceived sulfapjTUzinc prophylaxis were not 
found to be comparable. -Accordingly, it 
became necessary to compare each of the 
squadrons receiving sulfapyrazinc with the 
other groups. 

The method used consisted of an analj’sis 
of the significance of the difTcrenccs be- 
tween the proportions of admissions of 
the several kinds to their respective 
populations. 

These figures reveal that when the rates 
for Squadron L (sidfapjTazine) were com- 
pared with those for both squadrons 
receiring sulfadiazine, sulfapyrazine was 
significantly more effective than sulfadia- 
zine in producing a decrease in dispensary 
admission rates (t = 2.S2) and a decrease 


However, a comparison of the rates for 
the other sciu.'ulron receiving sulfapyrazine 
(Squadron O) with tho.se for the 2 squad- 
rons receiving sulfadiazine shows no sig- 
nificant diffcrencc.s Ijctwccn sulfapyrazine 
and sulfadiazine in regard to reduction of 
dispensary admi.'sion rates for respiratory 
dise.'i,«c (t = 1.20) and for diseases caused 
by llic stre])tococciis and gonococcus 
(t = l.f)). On the other hand, nsc.xpcctcd, 
.sulfadiazine was significantly more effec- 
tive than sulfapyrazine in Squadron 0 in 
regard to reduction of hospital admission 
rates for acute respiratory disc.ascs (t = 
4.1S). 

These analyses give somewhat conflict- 
ing results between the 2 squadrons 
receiving sulfapyrazine and those partak- 
ing of snlfadiazine prophylaxis. It there- 
fore must he concluded tliat the results 
of this study failed to produce cridence 
of the relative superiority of either sulfa- 
diazine or sulfapjTazine for the prophyl- 
axis of rcsjiirntory diseases. It is obrious 
that future studies involving mucli larger 
groups are rcq\urcd for the solution of this 
problem. 

Those cases of streptococcal disease 
which were admitted to the hospital from 
the squadrons receiving both sulfapyra- 
zine and sulfadiazine prophylaxis proved 
principally to be due to a Group A, 
Type 17 streptococcus. Sensitivity stud- 


* t = tho critical ratio of tlie diflorcnco botivccn 2 proportions divided by the standard error 
difference. In order to be significant at tho 1% level, i. c., in order to have less than 1 chance in 100 
that a difference as large as that observed is due to chanco, tho value of t must exceed 2.5S. 
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ies were performed on these organisms 
with somewhat conflicting results inas- 
much as a number of them proved to be 
sensitive to both sulfonamides whereas 
others were relatively resistant. No de- 
tailed analysis is appended but sulfapyra- 
zine and sulfadiazine appeared to be 
about equally ineffective in controlling 
disease caused by this particular organism. 

An analysis of the carrier rates is beyond 
the scope of this paper because of the pre- 
sumed relationship between carrier rates 
and resistance to the drug. For this 
reason it will be sufficient to mention only 
that the carrier rates in the squadrons 
receiving prophylaxis did not recede 
sharply following its introduction. 


pyrazine reactions belonged to this cate- 
gory and presented manifestations lasting 
from 3 to 11 days. In this group there 
was 1 urticarial reaction, 1 moribilliform 
eruption and 1 case of erythematous 
patches in areas of lichenification which 
had resulted from a former drug reaction. 
All 3 of these indi\aduals had taken sulfa- 
diazine at some previous period and 2 of 
these had experienced reactions to this 
drug at an earlier date. The patient vdtii 
urticaria, however, failed to recall a previ- 
ous sulfonamide reaction. 

Of the 7 men reacting to sulfadiazine, 
4 showed cutaneous manifestations, 1 had 
nausea and diarrhea, 1 presented a 
transient neutropenia accompanied by 


Table 4. — Toxic Reactions to Sulfonamide Pkopht'laxis 
Appearance 

in daya after Duration Previous 
start of of reactions to 


Drug used 

Type of reaction 

prophylaxis 

symptoms 

sulfonamides 

Remarks 

Sulfapyrazine 

Cutaneous— urticarial 

1 

3 

None 

Previous urticaria to A.P.C. cap- 
sules 

Sulfapyrazine 

Cutaneous — morbilliform 

4 

10 

Yes 

Fever and chills with diarine pro- 
phylaxis 1 year previous 

Sulfapyrazine 

Cutaneous — fixed drug re- 
action 

7 

6 

Yes 

Similar previous reaction to dia- 
zinc I year previous 

Sulfadiazine 

Cutaneous— fixed drug re- 
action 

1 

7 

None 

Readministration of 1 gm. diazine 
reproduced reaction; 1 month 
later tolerated 7 daily gm. doses 
of sulfapyrazine 

Sulfadiazine 

Cutaneous — erythema mul- 
tiformo 

10 

5 

None 

Readministration of 1 gm. daily 
of pyrazine for 3 days repro- 
duced rash 

Sulfadiazine 

Cutaneous — scarlatiniform 

1 

13 

None 


Sulfadiazine 

Cutaneous— urticarial 

8 

6 

None 

Readministered pyrazine 1 gm. 
daily for 0 days with no reac- 
tion 

Sulfadiazine 

Conjunctivitis 

1 

5 

Yes 

Previous similar reaction to dia- 

Sulfadiazine 

Granulopenia, headaches 

5 

10 

None 

zine 1 year ago 

Recovered spontaneously; not 

Sulfadiazine 

Nausea, cramps, diarrhea 

7 

4 

None 

verj’ ill 

Readministration of diazine pro- 
duced same reaction after C 


days; pyrazine 1 fpn. per day 
for 7 days was tolerated with- 
out reaction 


B. Toxic Manijestaiions. Approximate- 
Ij' 2000 men received 1 gm. daily doses of 
either sulfapyrazine or sulfadiazine for a 
total duration of 30 days. The total num- 
ber of reactions observed in both groups 
and the types of reactions are given in 
Table 4. It is apparent that there was a 
total of 10 reactions, 7 in the sulfadiazine 
and 3 in the sulfapjTazine treated group. 
In accord with other experiences with sul- 
fonamide prophylaxis, serious reactions 
were conspicuous by their absence. 

The majority of reactions (Table 4) 
were cutaneous in type. All of the sulfa- 


headache and 1 displayed a conjunctivitis. 
The case of neutropenia improved spon- 
taneously, the neutrophils increasing from 
15 to 60% in 7 days. The individual 
developing conjunctivitis a few hours 
after his initial dose of sulfadiazine re- 
ported a similar episode follovdng the 
pre\nous use of sulfadiazine. 

The time for the development of these 
reactions varied considerably. The case 
of conjunctiutis mentioned above oc- 
curred a few hours after the initial dose 
and the longest interval between start of 
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propliyliixis and appcarnnro of tlio reac- 
tion was 10 tlay.s. 

Tiirec of tile individuals reaetinj; to 
sidfadiazine were pveii trial doses of 
snifapyrazine after the initial symptoms 
liad disappeared. One case, involvinp a 
searlatiniform eruption, hail a similar 
reaction after 0 Kin. daily of .siilfapyrazine. 
The other cases (nrtiearin and nausea) 
were able to take 0 and 7 daily ^m* 
respectively of siilfapyrazine without re- 
appearance of .symptoms. 


Summary and Conclusions. 1. Daily 
(loses were administered over a .'10 day 
period to 2 comparahlc military groups— 
1 gm. daily of sulfapyrazirie to 1 group, 
1 gm. of sulfadiazine to the other. 

2. Snlfai>yrazine and sulfadiazine were 
both cITective in decreasing streptococcal 
and non-streptococcal respiratory disease 
rates, 

.‘1. Some indication was obtained that 
siilfapyrazine prophylaxis was slightly less 
to.xie than sulfadiazine prophyla.xis. 


Gratoful nnprori'ilioii is <liio Dr. Wiirrcii Cox of .Mo.'id Joliii'on A Co. for the Koiioroiis eiipply of stilfa- 
pyniiine leotl in lliis simly, .'^nt. Willijim Wolf rendered inviilimtde aid in ndministrntivo problems. 
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As yet, few quantitative studies con- 
cerning the presence or absence of vitamin 
deficiencies in pernicious anemia have 
been reported. In the past few years, 
laboratory procedures have been detdsed 
for the measurement of vitamin levels in 
the blood and urine and are now fairly 
well standardized. Vitamins A and C and 
carotene can be determined with reason- 
able accuracy on blood plasma. The B 
complex vitamins are measured in the 
urine by chemical and biologic assay, 
before and after the administration of a 
test dose. From previously reported 
studies,^ there appears to be a definite re- 
lationship between the early clinical mani- 
festations of a B complex deficiency and 
the vitamin levels as determined in the 
laboratory. The application of these new 
procedures to patients having pernicious 
anemia should alTord a more exact method 
of study of this disease and enable one to 
determine the presence or absence of 
vitamin depletion in such patients. 

Material. Eight patients having perni- 
cious anemia were studied, 7 of whom had 
the characteristic hematologic picture, as 
well as glossitis, papillarj^ atrophy of the 
tongue, and early neurologic changes. Tlie 
Stli patient was in remission at the time of 
this stud}'. Two had a diarrhea of from 10 
to 15 stools per day. The oldest patient 
was 05; the youngest, 37. There was an 
equal number of males and females. No 
evidence of other organic or debilitating 
disease was demonstrable. 

For the purpose of comparison, 2 other 
groups were studied: (1) 25 patients diag- 


nosed clinically as hawng a B complex defi- 
ciency; and (2) 30 medical students who 
were used as normal controls. 

Method. The method of study was similar 
to that described in a previous communica- 
tion.i All patients were hospitahzed and 
given a standard diet adequate in protein 
and calories, but low in vitamins. The 
approximate composition of the diet was; 
protein, 60 gm.; fat, 100 gm.; carbohydrate, 
325 gm.; total calories, 2500. The esti- 
mated vitamin content of this diet was; 
Autamin A, 130 international units; Aotamin 
C, less than 10 mg.; thiamin, 300 gamma; 
riboflavin, 250 gamma; nicotinic acid, less 
than 5 mg. 

Vitamin C was measured in the Evelyn 
photoelectric colorimeter using Tillman's 
dye and the technique of Mindlin and But- 
ler.- Vitamin A determinations were made 
by the method of IQmble.'’ The Aitamins of 
the B complex Avere determined in the urine 
before and after the folloAA'ing test doses; 
thiamin, 1 mg. intramuscularly; riboflaAun, 
5 rag. orally; nicotinic acid amide, 500 mg. 
orally; p}'rido.xine, 50 mg. orally. Thiamin 
was first determined by the yeast fermenta- 
tion technique of Atkins, Schultz, and Frey,^ 
and later by a modification of the thiochrome 
method. RiboflaAon AA-as measured by direct 
fluorometric method of Ferrebee,* omitting 
the adsorption and elution steps. The nico- 
tinic acid load test AA-as done as described 
by PerlzAveig, Sarett and Margohs.® Fj 
A'alues Avere determined fluorometrically and 
paralleled those for nicotinic acid e.xcretion. 
PATidoxine Avas determined colorimetrically 
by the technique of Scudi ct alJ 

Results. Vit.aminA. None of the group 
studied had any of the findings usually 


» Thi? ."itiHiy wn.c supported by a cr.ant from the John and Marj- R. Markle Foundation and the 
.Anna H. llanc.s Re.>carcii Fund. 
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nt(ril)Utcd to n vitamin A clcficiency. 
Although tlic plasma lavcls of A in tlie 
flcPu’icncy pronp ami in tlic patients hav- 
ing; ijernicions anemia were below those of 
the normal controls, still the means of 


these 2 groups were above the siiggestetl 
lower limit of normal ami were essentially 
the same (I’ig. 1). Although the caro- 
tene values in the pernicious anemia 
patients were lower than those of the 
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deficiency group, still the difference was 
not statistically significant (Fig. 2). 

Vitamin C. There were individuals in 
each group whose plasma contained no 
measurable vitamin C. A comparison of 
the distribution between groups, however, 
showed no marked difference. 

Nicotinic Acid. A comparison of the 
urinary excretion of nicotinic acid in the 
3 groups, following the administration of 
500 mg., is shown in Figure 3. It will be 
noted that the mean of the patients hav- 
ing pernicious anemia was essentially the 
same as that of the deficiency group, but 


dose, the thiamin levels in the pernicious 
anemia patients were practically the 
same as those in the deficiency group, the 
distribution in general following that of 
riboflavin. Again, both fell well below 
the normal control values (Fig. 6). 

Pyridoxine. There were no significant 
differences in the distribution of values of 
pyridoxine excretion between normal indi- 
viduals and those with pernicious anemia. 

Discussion. It is generally recognized 
that the glossitis, cheilosis, papillary 
atrophy of the tongue, and parasthenia of 
the extremities which one sees in patients 
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both were considerably lower than that of 
the normal controls. Two-thirds of the 
patients with pernicious anemia, as well 
as those having a B complex deficiency, 
had values below the suggested lower limit 
of normal. 

RinoFL.\viN. The distribution of values 
for riboflavin excretion before and after 
the test dose is shovm in Figures 4 and 5. 
The pernicious anemia group had values 
which were praetically the same as those 
of the patients ha\ang a B complex defi- 
ciency. Both were significantly lower 
than those of the normal controls. 

Tin.\MiN. Before and after the test 


ha\dng pernicious anemia and sprue are 
frequently indistinguishable from those 
same findings when they occur in patients 
ha\dng a frank B complex deficiency. It 
has been suggested® that a deficiency of the 
B complex is common in both pernicious 
anemia and sprue and often explains many 
of the findings which are observed in these 
diseases. It is well known that there is 
no constant relationship between the de- 
gree of anemia and the severity of the 
above-mentioned symptoms. Although 
the administration of the B complex \'ita- 
mins has no hematologic effect, neurologic 
lesions in ex-perimental animals can be 
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prevented by the use of these sulistanccs.® 
TJic favornl)lc influence of nicotinic acid 
on glossitis without alteration of the blood 
picture also has been noted.*'' Hansen” 
reports a ease of a 39 year old white male 
with sprue who responded satisfactorily 
to intramuscular liver therapy. 'J’he pa- 
tient later developed chussical signs of 
pellagra while receiving the liver e.xtraet. 
These subsided promptly after the admin- 
istration of nicotinic aeid, supporting the 
belief that refined liver preparations may 
not contain adequate amounts of pellagra- 
preventive substances. 

The present study was undertaken in 
an eflort to determine the possible co- 
c.vistcnce of an underlying H coniple.v defi- 
ciency in patients having pernicious ane- 
mia. A study of the table and charts 
shows how closely the vitamin levels in 
the group having a If complc.v deficiency 
parallel those of the pernicious anemia 
patients. Tiicrc was no apparent correla- 
tion between the degree of anemia and the 
vitamin levels in either group of patients. 

might be e.vpected, the levels of vita- 
min A and carotene in general reflected 
the nutrition of the group; and although 
lower than those of controls, were within 
normal limits. Tin's is in striking con- 


trast to studies on sprue, previously re- 
ported, in which a profound depletion of 
vitamin A and carotene in the plasma was 
found. Tiic blood levels of vitamin C 
were essentially normal. 

Although the group studied is small, 
the definite lowering of nicotinic acid, 
thiamin, and riboflavin levels in these 
patients cannot be overlooked. One is 
impressed by the similarity of the distri- 
bution of the values in the pernicious 
ammiia group to those in the Htamin de- 
ficieney p.-itients. Therefore, the occa- 
sional reports of improvement of oral 
lesions on B complc.v therapy alone is not 
surprising. Complete recovery after liver 
therapy niny be e.vplained by the presence 
ofsuffieient accc.ssory factors in the prepa- 
ration used ns well ns by the well-known 
stimulating cfTect of liver upon the appe- 
tite with a resulting increase in dietary 
intake. The results of this study would 
justify the administration of B complex 
vitamins to patients hn\’ing pernicious 
anemia if liver extract alone fails to pro- 
duce a satisfactory response. 

Conclusion. The laboratory determina- 
tions of vitamin levels of 8 patients hanng 
pernicious anemia show a coe.xisting defi- 
ciency of the B complc-x Htamins. 
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THE USE OE A HISTAMINE ANTAGONIST, EETA-DIMET3EIYI.AMINETHyL 
BENZHYDRYL ETHER HYDROCHLORIDE, IN ALLERGIC DISEASE* 

By Alex S. Friedlaender, M.D. 

DETROIT, MICHIGAN 


Considerable evidence has accumu- 
lated in recent years emphasizing the role 
of histamine in anaphylactic and allergic 
reactions. In a review of the subject, 
Dragstedt® points out that while hista- 
mine may not account for all the manifes- 
tations of anaphylaxis, its relation to the 
reaction is given strong support by several 
established facts. It may mimic many of 
the important anaphylactic reactions; it is 
present in the tissues where such reactions 
take place; and its release in association 
with anaphylaxis has been conclusively 
demonstrated. In the field of human 
hypersensitivity the evidence involving 
histamine has been less conclusive. The 
similarity between the results of histamine 
injection and cold allergy was noted by 
Horton, Brown and Roth.® Rose and 
Browne'® found that the histamine con- 
tent of the blood of normal individuals 
showed great fluctuations in contrast to 
rehitively constant levels in normal sub- 
jects. Elevated blood histamine in allergic 
diseases has been reported by some inves- 
tigators,' while others® have failed to find 
any significant correlation between allergy 
and histamine content of the blood. Katz® 
has recently shown that histamine is re- 
leased from human skin on contact of 
allergens in sensitive individuals. The 
search for a substance that counteracts 
histamine has therefore offered a hopeful 
approach to the non-specific treatment of 
allergic disease. Recently a group of 
sjmthetic benzhydryl alkaline ethers have 
been investigated and found to be mark- 
edly effective in preventing histamine and 
anaphylactic shock in guinea pigs."-® The 
most efl’cetive member of this group is 
beta-dimcthylamincthyl benzhydryl ether 
hydrochloride. Its marked histamine 
antagonism, inhibition of anaphylaxis, 
and relatively low toxicity have suggested 


its trial in the allergic conditions com- 
monly encountered in everyday practice. 

A group of 47 patients with a variety 
of allergic complaints including asthma, 
seasonal hay fever, urticaria, angioneurotic 
edema, eczema and allergic headache, 
were given the drug orally in doses of 50 
to 600 mg. daily for varying periods of 
time. 

The patients in the series were subjected 
to complete allergic studies, including skin 
tests. They were to some degree selected 
in that the drug was administered in 
instances where the specific etiology could 
not be determined; in cases where specific 
treatment had not advanced far enough 
to become effective in preventing symp- 
toms; or where the usual measures at our 
disposal had failed to produce the desired 
results. 

Urticaria and Angioneurotic Edema. Ur- 
ticaria and angioneurotic edema were 
studied; 2 were of the acute variety, while 
11 had chronic or recurrent sjnnptoras of 
1 month to 30 years duration, permitting 
a more accurate evaluation of the drug. 
Acute urticaria tends to improve sponta- 
neously, and any results obtained in such 
cases must be judged in this light. All 
patients in the present study received 
some degree of improvement, ranging 
from the relief of pruritus to complete dis- 
appearance of lesions shortly after the 
first dose of 50 mg. The effect of the drug 
was noted within 1 hour and lasted in 
most instances from 2 to 12 liours, B-ith a 
gradual return of symptoms when discon- 
tinued. Curtis and Owens® also reported 
improvement in a series of IS cases of 
urticaria with recurrence of lesions upon 
discontinuance. Dosage in our study was 
found to be an individual problem. From 
50 to 200 mg. daily was required to main- 
tain results in the majority. In 1 case, 


* The drup (Benadryl) for this investig.ation was supplied by Parke Davis & Co 
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liowevcr, COO inp. wis noocssiir.N’ fo insure 
comfort aiui complete relief of symptoms. 
-Vii elTort m'hs made to determine tlie etio- 
logie factors in cacli case, and the drug 
was frequently discontinued to learn the 
effeet of trial diets. When .symptoms re- 
curred, or when they were reproduced by 
an offending food, the drug was able to 
control the urticaria j)romi)lly. In this 
manner, considerable information regard- 
ing the etiology of the urticaria was ob- 
tained with a minimum of discomfort to 
the patient. AVherc the cause of the 
urticaria could not be determined, the 
minimum amount of the substance neces- 
sary to control symptoms was asecrtainetl. 
A tendency to develop tolerance was noted 
when administered over long periods of 
time. As a palliative measure in these 
conditions, it appears to be the most 
effective agent yet encountered. It should 


lie was then placed on the c.vperimental 
drug in doses of .50 mg. every 2 hours. 
The urticaria and pruritus subsided fol- 
lowing the initial dose, and within 24 hours 
the cfleina and all lesions had completely 
vanished. No change was noted in the 
polyarthritis. An attempt was made to 
reduce the tlosagc after a few days, but 
when given less often than 3 times daily 
(1.50 mg.) the urticaria recurred. This was 
immediately controlled with a single dose 
of .50 mg. .‘Vt the time of this p.apcr the 
patient still required 1.50 mg. daily. 

Atojnc Eczema. The effect of the drug 
on 4 patients with atopic eczema of long 
duration was observed. The most sig- 
nificant occurrence was a marked reduction 
of pruritus in 2 of these cases. This wtis 
accomplished with very small doses. No 
definite effect on the lesions themselves 
were noted, e\’cn when larger amounts 


T,\ni,K 1.— C.\sKs Stcdikd 

Di.'iriio-i< No. 

Urticaria and aiiKioiicurolic edema . IS 


Kczoiim (atopie) 

-tstlinia (non-'.ea'.on.'il) 
Hay fever (raKweed) 
.■MlcrRie lieadaclie . 

Total ... 

not, however, be used to the c.xclusion of 
allergic investigation ncccssiiry to deter- 
mine the underlying fiictors of each case. 
For the patient to continue to remain well, 
it is e.xtremcly importiint to determine 
the causative factors and thus eliminate 
the offenders. 

Two ciises (E. M. and H. L.) received 
only partial relief from symptoms when 
on either the diet or the drug. Symptoms 
were mueh less on dietary management, 
but on combined treatment, eomplete re- 
lief was obtained. Patient R. D., a 5S 
year old male, developed urticaria, poly- 
arthritis and a severe generalized edema 
of the entire body after administration of 
350,000 units of penicillin for a corneal 
ulcer. During the 1st -week of symptoms, 
general medical measures, including eph- 
edrine, adrenalin and large doses of \dta- 
min C, were instituted, wdthout results. 


. . . -1 
9 
19 
2 

*57 

were used. In 1 patient (D. D.) the lesions 
were thought to impro^’e when the drug 
was first administered. Later it was found 
that symptoms fluctuated with the inges- 
tion of certain foods. Good results have 
since been obtained by dietary me.nsures 
alone. Another case (B. H.) had asthma 
in addition to eczema, but no effect on the 
former was noted during the course of 
tre.atment. The chief attribute of the 
drug in such cases seems to be its effect 
on pruritus. 

Asthma. No definite beneficial effect 
could be attributed to the drug in the 
9 cases of asthma under consideration. In 
patient T. T., female, the condition was 
recurrent and there were definite psycho- 
genic elements involved. Early in treat- 
ment she claimed relief for 3 hours after 
taking 50 mg. at bedtime. Later, how- 
ever, she received no benefit whatsoever 
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Table 2.— Ukticabia and Angioneebotic Edema 

Bcta-dimethylaminethyl benzhj'dryl ether hydrochloride 


Daily 

Duration Other dose 

Case Age Sex and type allergy (mg.) Start End 


B. G. 

41 

P 

3 mos. 
Chronic 

• • 

50-160 

3/30 

5/11 

J. G. 

35 

F 

30 yrs. 
Recurrent 

VR 

50 

4/27 

5/4 

L. G. 

50 

M 

4 mos. 
Chronic 

•• 

50-200 

5/4 

5/23 

M. K. 

20 

M 

1 yr. 

Recurrent 

M and 
HF 

150-50 

6/27 

7/3 

M. K. 

42 

M 

1 mo. 

HF 

150-50 

4/2 

4/14 


Chronic 


R. B. 27 F 10 days .. SO-100 2/16 4/14 

Acute 


W. P. 67 M 5yr8. VR 100 5/14 6/30 

Recurrent 


M. A. 23 F Cmos. HF 50-150 1/23 4/3 

Chronic 


E. M. 28 F 2yrs. .. 50 2/7 7/25 

Chronic 


R. W. 13 M 4 yrs. . . 50 7/13 7/27 

Recurrent 


H. L. 

42 F 

2 yrs. 
Recurrent 

50 7/30 

8/11 

R.D. 

.58 M 

2 wks. 

Acute 

150-000 8/4 

8/18 


r. 42 r 6 wk"!. .. 150 7/27 S/IS 

Chronic 


Side-effects Results Remarks 

Dizziness; Improved Small doses did not help: 

GI upset definite impr. with large 

doses; unable to cont. 
because of side-effects 

. . . Improved Immed. response; remain- 

ed symp.-freo on diet 
after stopping drug: 
compl. control by dim. 
of food olTenders 

Itching reliev- 
ed; no ef- 
fect on urti- 
caria 

.... Improved Compl, relief after 1 dose; 

symp. did not recur 
after drug was dim. 

We.akness Improved Immed. impr. on 150 mg.; 

reduced to 50 mg, after 
5 daj-s; aggravation 
from ollending foods 
when on low dosage; 
milk main offender 

Drowsiness Improved Relief of symp. 30 min. 

after dose; lasting 10 to 
12 hours; recurrence of 
symp. several times 
when drug removed 

Improved Relief in 30 min. on 100 
mg. p.r.n.; also noted 
some impr. in nasal 
symp. on taking 1 in 
A.M.; aspirin sensitivitj’ 
later revealed os cause 

Improved Immed. relief on drug; 

good on smaller dose, 
but symp. recurred if 
discontinued; now takes 
1_ p.r.n.; food and emo- 
tions have definite in- 
fluence 

.... Improved Incomplete relief on diet: 

Mechanical factors nbo 
play a r6!e; complete re- 
lief from 50 mg. when on 
diet; both arc necessary 

Improved Definite impr. on 50 mg.. 

but incomplete until 
food offenders elimin- 
ated; now no hives with- 
out drug, when on diet 

Fatigue Improved Less urticaria with drug: 

complete relief when 
used with food elim. 

Improved Urticaria and severe gen- 

er.alized edema after 
penicillin; urticaria sub- 
sided soon after initial 
do'e; edema was gone 
in 24 hours; patient had 
to be maintained on 150 
rag. to remain sjmptom- 
free; polj'arthritis de- 
veloped when urticaria 
impr. and not benefited 
by drug 

Drowsy Improved Immed. relief with dnig; 

recurrence when di'con. ; 
impr. with food elim. 


VU — vasomotor rhinitis. 


nr — hay fever M — migraine. 
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from tJie snmo or incrcnsed dosage. Her 
improvement coincided ivitii the allevia- 
tion of emotional strc.s.s incident to family 
afTnirs. Another case, A. V., .started with 
50 mg. doses 3 time.s daily showing no 
improvement until *100 mg. were reached, 
but rcmainctl well after the <lnig was dis- 
continued. IVeviou.s opisode.s in this 
patient .seemed to run a similar course 
without any .symptomatic medication. It 


is therefore doubtful whether there occur- 
red any real thcnipeutic effect in any of 
these eases. 

Jlaij Fcrcr. Nineteen cases of raga-ced 
hay fever were treated with the drug dur- 
ing the 19M ragweed sea.son. Among the 
patients in this scrias were some who had 
received little or no pollen treatment, and 
others who despite pollen therapy still 
had siinicicnt symptoms to justify other 


TAm.r. .S. — Atopic Eczema 


brnrhydrj'l 
rt/irr liyifrodiforidr 


DniJy 

Diirn* Olhfr dmr Side- 

Ca«e A|*r Sex tion nllcrRi* I'(iolon>' (nin.) Ftart Knd rffrets Hcmarks 

L. 13. 40 r 2yn. .. P, M r.0-200 r»/2G G/I5 Dixxinr^^ 0 Symptoms from spnoffto 

cold weather; some re- 
lief from deeensitjra- 
tion to pollens and 
molds 


D. D. 

14 

.M 

13yni. 

nr iind 

A 

r 

.W-l.'IO 

R. n. 

29 

r 

13 JTS. 

A 

D, r 

50-150 

G.S. 

39 

r 

4 yr,. 


r 

50-1. 50 


r— 'pollen. M— molds. D— dust, T— : 


5/12 

0/10 

0 

0 

Impr. nt first, but later 
had no effect 

C/C 

C/IC 

0 

RoliVf from 
pruritus 

Developed attack of asth 
ma during course o. 
drug 

3/30 

4/27 

0 

Relief from 
pruritus 

No change in skin condi- 
tion 


Tapm: 4.— Asthma 


Bct.a-djmctJiyhminpfhyJ henzhydryJ 
eiltcr hytlrochloridc 


Dura- 

Case Ape Sox tion 
H. B. 4C M 7yra. 

Recur. 


Other 
nllcrjo* 
Unnd 
II F 


Skin 

tcst*f 

E. r.r 


Daily 

do«e 

(mir.) Start End Sido-olTccts Results 
50-100 5/15 5/30 0 0 


Remarks 

Impr. after sufHcient 

epee, desensitiralion 


1" yrs. 

VRnnd 

D, E. F, 

50 

C/I C/4 Weakness 

Recur. 

GI 

P 




0 Given for acute 

since, controllTO by 
diet and desensiOr* 


E. F. 

21 

F 

15 yrs. 
Chr. 

GI and 
YR 

F.P 

50 

0/2 

H. G. 

59 

M 

2 yrs. 
Recur. 

... 

F,D 

50 

5/15 

F. K. 

51 

M 

12 yrs. 
Recur. 

... 

P. d,e 

150 

5/18 

T. P. 

50 

F 

10 yrs. 
Chr. 

... 

F. D 

50 

5/21 


•• 

Faintness 

... 

Unable to contiime be- 
cause of side-effects 

6/5 

0 

0 

Given for acute exacer- 
bation 

C/4 

0 

0 

Given for acute exacer- 
bation 

7/0 

0 

? 

Given at bedtime uhen 
Bj’mpt. 
present: felt 
helped at first, but 
later no effect 


, S. 15 F IjT. HF P.M 

Recur. 

,W. 55 F 20yTB, HP 

Chr, 

.V. 20 F aj-rs. VR F.D.P, 

Recur. M 


150 S/23 9/5 


D.P.M 150 9/21 9/25 'tV'enkness 

Drowsiness 


100-400 7/25 8/1 


Quest. 

impr. 


St.irted on 10° TO- 
daily, mcr. to 100 nig. 
4 times dailj’J on 4th 
day remained 
when drug was discon- 
tinued; patient moy- 
_ J fnllOW“UP 


T7 — urticaria, HP — haj' fever. '\T? — vasomotor rhinitis. GI — gastro-intestinal allergj'. 

E — epidermal. P — pollens. D — dust. F — foods. hi — molds. 


A— asthma. 
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measures. Symptoms were correlated to properly evaluate the effect of the drug, 
with the daily pollen count, atmospheric As pointed out in a recent hay fever 
conditions, and comparison with an ade- study failure to employ these considera- 
quate number of control patients in order tions have led to erroneous conclusions, 

Tabus 5.— Hay Fevee 

Beta-dimethylaminethvl benzhydrj'l 
Status ether hydrochloride 

of pollen “ • 

treat- Daily 

Dura- ment dose „ , 

Case Ago Sex tion 1944 (mg.) Start End Side-effects Results Remarks 

D. D. 28 M Gyrs. I 150 8/23 9/1 Dizziness Rhinitis; si. Sjunp. continued to fluctuate 

impr. for with pollen count 
short time 

G. B. 65 F 13 yrs. I ISO 8/29 9/8 GI upset 0 Symp. fluctuated with pol- 

len count 

S. F. 35 F 7 yrs. I ISO 8/23 9/5 0 0 

M. F. 31 F 2 yrs. I 150 8/28 9/20 0 0 Had asthma all through sea- 

son; also mold sensitive 

S. G. 12 F 5 yrs. I 150 8/28 9/12 Dizziness 0 Food sensitivity present 

S. G. 25 M 10 yrs. I 150 9/11 9/19 0 0 

E. H. 46 F 8 yrs. I 150 8/30 9/11 GI upset * 0 

A.K. 30 M 15 yrs. I 150 8/22 8/29 0 0 

M. L. 12 F 3 yrs. I 50 9/G 9/13 0 0 Sj’mp. alleviated when pol- 

len count dropped 

H. R. 33 M 10 yrs. A 150 8/30 9/0 Fatigue 0 Symptoms fluctuated with 

pollen count and weather 
conditions; dust sensitive 

F. S. OF 5 yrs. A 150 8/11 9/2 0 0 

D. S. 15 F 4 yrs. I 150 0/1 9/8 0 0 

S. S. 10 F 3 yrs. A ' 150 9/8 9/15 Drowsiness 0 

A. V. 20 F Cyrs. I 150 8/30 9/13 0 0 

B. W. 23 F 6 yrs. I 150 8/30 9/8 G.I. upset, Relief of sjTnptoms day after 

drowsiness drug started; remained 

good, but was forced to 
discontinue drag because 
of side effects; hay fever 
was minimal remainder of 

, season without drug 

W. T. 34 M 10 5 'rs. 150 8/30 9/8 0 sfc Continued ha^dng symptoms 

but to a lesser degree; 
pollen count was dropping, 
no symptoms after drug 
was discontinued 

P. n. 28 F 10 yrs. N 50 5/18 5/21 0 0 

50 7/2 7/7 0 0 

L. K. 36 M 3 yrs. N 150 9/6 9/9 0 0 

R. S. 32 M 10 yrs. N 150 9/0 9/30 0 SI. impr. of Symp. fluctuated with pol- 

rhimtis len count 

A— adequate. I— inadequate. N— none. 

Table G. — Alleegic Headaches 

Bcta-dimethylaminethyl benzhydn-1 
ether hj'drochloride 

Daily 
Other dose 

Case Age Sex Duration allergy (mg.) Start End Side-effects Results Remarks 

J. E. 43 M 1 yr. VR SO 6/2 6/S 0 0 Has cont. headaches; gets defi- 

nite relief from intraderraal 
histamine injections 

A. P. F ••• 15/18 5/25 0 0 Well controlled for most part 

with dietary r5gime; tried 
drug when she went off diet; 
* used on 4 occa.; 3 times no 

relief; once questionable 


VR — vasomotor rhinitis. 
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ns to the cflicacy of numerous metliods 
for the treatment of Iiay fever. Two 
patients received 50 mp. daily, while 17 
were given 150 mg. daily in .'1 divided 
doses. In some instances, improvement 
was observed which coincided with drops 
in the pollen count, and similarly observed 
in control subjects. Two patients (13. W. 
and W. T.) reported definite improvement 
sliortly after the drug was started. Treat- 
ment was discontinued after a period of 
S days in both cases to determine Avhethcr 
symptoms woidd recur. In neither did 
symptoms appear during the remainder 
of the season. This occurred, however, 
during a decreasing pollen content of the 
air, making any definite evaluation of 
results in thc.se 2 instances impo.ssiblc. 
Patients B. D. and R. S. reported slight, 
but temporary improvement of their 
rhinitis, but one coidd not tolerate the 
drug. Both patients received similar relief 
of symptoms upon ingestion of gr. 
doses of atropine. The remaining 1.5 p.a- 
tients failed to note any benefit that could 
be directly attributed to the drug. 

Allergic Headache. The drug was tried 
in 2 cases of headache which were thought 
to be of allergic origin. Neither c!i.se 
obtained relief when given for acute head- 
ache. Both have subsequently been con- 
trolled by dietary measures. 

Toxicity, Of 47 patients in this series, 
16 complained of some sidc-cfTccts. The 
most common symptoms attributed to 
the medication were drowsiness, dizziness, 
weakness, faintness, fatigue and ga.stro- 
intestinal upsets. In 3 patients it was 
found necessary to discontinue the drug 
because of the side-effects. In a few other 
cases dosage was necessarily restricted by 
these annoying symptoms. The majority, 
however, were able to tolerate the medi- 
cation vuthout undue reactions. 

Comment. Beta - dimethylaminethyl 
benzhydrj'l ether hydrochloride appears to 
be an extremely effective agent in the pallia- 
tive treatment of urticaria and angio- 
neurotic edema. Its effect is rather short. 


and symptoms in chronic cases tend fn 
recur after it is discontinued. In the 
cases under study in this report, it served 
ns an excellent aid in controlling discom- 
fort while the necessary procedure for the 
determination of cfiologic factors were 
carried out. Its use in clironic cases over 
long periods of time without attention to 
possible unflerlying allergic etiology does 
not seem justified, especially in riew of 
occasional side-effects, and increased tol- 
erance on extended use. 

The drug also has some effect in reduc- 
ing the pruritus incident to atopic der- 
matitis. It may likewise be effective in 
pruritic conditions of other origin. 

B.vperimentnl evidence in guinea pigs 
inriicated that tin’s substance is one of the 
most potent histamine antagonists yet 
found. The good results observed in urti- 
caria, and the failure to benefit other 
atopic conditions, suggest the possibility 
that histamine may play a greater role in 
urticaria than in asthma, hay fever, and 
other allergic manifestations. There is also 
the possibility that the nntihist.amine sub- 
stance may be necessary in larger amounts 
to produce effects in conditions other than 
iirticaria. Routes of administration other 
than oral may perhaps be necessary to 
produce the desired results in other allergic 
conditions. 

Summary. 1. Beta-dimethylamineth.vl 
benzhydryl ether hydrochloride, a potent 
histamine antagonist in guinea pigs, 
administered to 47 patients with various 
allergic complaints. 

2. hlarked benefit, which continued m 
most cases as long as the drug was admin- 
istered, was noted in urticaria. Relief of 
pruritus was noted in some cases of atopic 
eczema. No benefit was apparent from 
its use in asthma, hay fever, or allergic 
headache. 

3. The results suggest that histamine 
may be a more important factor in urti- 
caria than in other allergic conditions. 
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CAPILLARY MICROSCOPY 

With Special Reference to Capillart Petechm 
By F.u Davis, M.Sc,, ]\I.D., IVI.ll.C.P. 

MECICAI- Ci;rUTV niliKCrOU, JtADASSAIt MEDtCAt. OltOANIXATION JKJIUSALEM; LATE DEPDTT 
■MEDICAL 8fl-EIU.STE.ST)K.ST AND PIIYWCIAN AT 8T. ANDJlEW’s L.C.C. HOSPITAL 

LONDON, ENOI-AND 


Tin: nctiinl ob.‘?ervation of nail-bcd 
capillaries by inicroscojiy (cajiillaroscopy) 
i.s clisanningly easy. The teclinique lias 
often been dc-scriliccl. Tlic key to tlie 
literature and basic work will be found in 
the Avorks of IMuoller^'* (1022, 1037 and 
1030), and in the papers of Wright and 
Duryee' (1033), Leader^ (1032) and Cal- 
lander’ (19-10). A special capillary micro- 
scope is not essential, lixccllent observa- 
tion is possible with any good laboratory 
microscope, although a binocular instru- 
ment is preferable. Using a standard 
binocular microscope I have c.vamincd the 
finger nail-beds of over 1000 patients 
(including many out-patients), without 
anj' special preparation and without 
scrubbing the nails. I observed at least 
2 fingers, but usually 3 fingers, and often 
4 fingers, of each hand. The patients’ 
ages ranged from 5 to S7 j’cars. The 
capillary pattern in any particular healthy 
adult is usually strikingly constant — for 
example, mj^ own has not varied signifi- 
cantly in over G years of almost weekly 
observation. Nevertheless there is often 
much variation betAveen the capillaries in 
a single nail-bed, and sometimes great 
A^ariation from finger to finger, and be- 
tAA'een the fingers of both hands. Yet 
unAA'arranted inferences haA^e been draAA'n 
from A'ariations aa'cII AA'ithin normal. Vari- 
ious specialists haA^e examined the nail- 
beds of a fcAV dozen patients suffering 
from a particular disease, and arriA^ed at 
conclusions without adequate controls in 
normal persons and patients with other 
diseases. 

Capillary Petechise. I first became in- 
terested in capillaroscopy as an aid in the 
study of purpura.- ObserA^ations showed 
that capillary petechiie were common. 
Thus there were 100 patients Avith capil- 


lary petechia; in 533 consecutiA’c patients 
Avhosc nail-beds Avere examined micro- 
scopically. This incidence (IS.4%) is 
unduly high, because on a basis of preAsous 
e.xpcrience, patients likely to sIioav abnor- 
malities and petechia: Avere specially 
selected. Nevertheless, most types of 
patient using the medical diAa'sion of a 
general hospital Avere examined contempo- 
raneouslA', and liealthy persons in addi- 
tion. It is possible to giAT a general 
picture of the incidence of these petechire. 

The patients shoAA'ing capillary petecliiffi 
liaA’c been diA-ided into 3 groups (see 
table). Group 1 comprises a mixed col- 
lection of various types of cases, in each 
of Avhich type capillary petechife were 
seen once only, or not at all. Among 262 
such cases, Avhich included various dis- 
eases of the heart, lung, kidney, nerA’OUS 
system, blood and skin, petechire AA'ere 
seen 23 times (an incidence of S.S%). 
In Group 2 are included diseases in some 
of AA'hich the frequency of capillary 
petechia: may proA-e significant, but where 
much more CA'idence is wanted. Group 3 
comprises the conditions in AA’hich petechiie 
AA'ere most frequent. They AA’ere scurA'y, 
bronchiectasis, arteriosclerosis, purpura 
simplex, Raimaud's disease and clubbed 
fingers. Separate figures for clubbed 
fingers are not giA'en in the table because 
all patients AA'ith clubbing were listed 
according to their disease. Thus of the 
6 patients AA'ith bronchiectasis and capil- 
lary' peteebiae, 5 had clubbed fingers, as 
had both patients AA’ith Fallot’s tetralogy, 
and 2 of the 3 patients AA'ith syphilis. Of 
the 533 patients considered, 23 had 
clubbed fingers, and 11 of these had 
capillary petechife. 

Morphology. The appearance of the 
petechifE is shoAvn in the figures, in about 
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the order of frequency of the various 
types. No type of petechia was pathog- 
nomonic of any disease. Petechias often 
arose from abnormal congested capillaries 
with sluggishness or stasis of blqjj’d flow. 
Petechise seemed to arise nearly always 
from the loop joining the arterial and 
venous limbs of the capillary, and very 
rarely from these limbs Occasionally, 
petechice were seen actually separating 
from the capillary. In 2 patients, after 
such separation, the capillary re-attached 
itself to the petechia, and then the 
petechia again became detached. Once 


neously. In others, skin petechim precede 
or follow the findings of capillary petechire. 
But many patients show capillary petechim 
when no skin petechire were seen at any 
time. (Compare the similar discrepancy 
when retinal or mucuous membrane hem- 
orrhages are present and skin hemorrhages 
absent, or when visceral petechire are seen 
at necropsy without skin petechire.) Oc- 
casionally the skin has presented a wide- 
spread massive petechial eruption, but 
peteehise were absent at the nail-bed. 

In spite of these tantalizing discrepan- 
cies, it is clear that capillary petechire are 


Analysis or 

100 Patients With Capillary' Petechiae Found Among .533 Consecutive 
Patients Recently' Examined by' Capillary' Microscopy' 

No nith 

No. cases capillarv’ 

Group 

Disease 

examined 

petechifc 

1 

Miscellaneous (see text) 

. . . 262 

23 (S S%) 

2 

Rheumatic fever (acute or chronic) . 54 

9 


Diabetes mcllitus 

26 

4 


Epilepsy (idiopathic) . 

22 

3 


Syphilis . 

13 

3 


Schbnloin-Hcnoch purpura 

11 

3 


Pulmonary tuberculosis 

10 

3 


Ostco-arthritis 

S 

2 (23.1%) 


Infective polyarthritis . 

5 

2 


Gout 

4 

2 


Virus hepatitis 

7 

2 


Malaria 

4 

2 


Pituitary diseases . 
Fallot’s tetralogy 

3 

2 


2 

2 

3 

Arteriosclerosis 

39 

11 


Purpura simplex 

, 31 

10 


SeurN'j' 

11 

7 (27 4%) 


Bronchiectasis . 

14 

0 


Rayn.aud’s disease 

Clubbed fingers (see text) 

7 

4 


Total 

533 

100 (IS 4%) 

I saw the loop of a capillary (grossly dis- 

common, particularly in 

scurvv, bronchi- 

tended through stasis of blood) become 

ectasis and other diseases with clubbed 

detached from 

the limbs to form a hemor- 

fingers, arteriosclerosis, 

purpura simplex 

rhage, and on 

scveral occasions a portion 

and Raj'naud’s disease. 

In these condi- 


sionally the petechia was shaped like a 
capillary cast. Petechia; when first shed 
were obvious collections of red blood cells, 
later they became darker, and appeared 
as a rather homogeneous mass of pigment. 
If examined daily, the petechire moved 
further and further away from the capil- 
laries, and faded. 

Discussion. In some patients capillary 
peteehise and skin petechia; occur simulta- 

voi,. 212, NO 2— 1?40 


tions, the incidence of capillar\' petechire 
appears to be specially significant. When 
the frequency of macroscopic petechia; in 
various organs at necropsy is recalled, the 
incidence of these microscopic petechire is 
less surprising. Capillaries are prone to 
petechia; formation in disease. I have 
not as yet seen capillary petecliirc in the 
healthy. It is possible that for every 
petechia \nsible to the naked eye in any 
patient, there are many microscopic pete- 
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Kev to Figoreb 

All capillaries irere seen at X 60 and drawn to scale. 
Fjgs. 1 to 4. — Types of normal capillaries. 

Figs. 5 to II. — Types of peteohiae. 

Fig. 11. — Petechia in formation. 
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FtG. 5. — Patient ■s\jth pulmonary tuberculosis. 

Pig. 0.— Patient with reairrcnt skin purpura following influenza. 
Pig. 7. — Patient with chronic rheumatic carditis. 

Pigs. S, 9 and 11. — Patients with R.a>'naud’s disease. 

Pig. 10. — Patient wnth Pallot’s tctralogj'. 




190 


DAVIS: CAPILLARY MICROSCOPY 


cliiiu formed. Nail-bed capillnroseopy 
■will render some of these visible, but at 
the nail-beds only a minute fraetion of 
the capillaries of the body can be .seen, 
and it is likely that many petechifc will 
be formed at other sites. In purpura sim- 
plex, only a small fraction of skin surface 
may show hemorrhage, and most of the 
skin will be normal. Yet in 1 of 3 cases 
of purptira simplex, e.xamination (often 
but once) of the tiny jiroportion of the 
body’s capillaries at the nail-bed, will re- 
veal petechirc. And the incidence in some 
diseases is even higher. 

Capillaroscopy gives no trouble or pain 
to the patient, and is gratifying and stimu- 


lating to the observer. Here is an addi- 
tional field for the study of human physi- 
ology and j)athology. 

Summary. There were 100 patients 
with capillary petechia: in 533 consecutive 
patients whose nail-beds were examined 
by capillary' microscopy’. The conditions 
in which such petecliia: were frequent 
were arteriosclerosis, purpura simplex, 
scurvy', bronchiectasis, Raynaud’s disease 
and clubbed fingers. Capillaries are prone 
to petcchiie formation in disease. Many 
patients showed capillary' petechi.a: when 
no skin petechifc were present at any 
time, and occasionally’ I'icc-rcrsa. 


I thank Mr. J. R. M. tVliiKlmni for help, Dr. R. Karpin for cooperation, Mr. R. Startup for paintinES 
of capillaries, and Dr, J. E. McC.artncy and Mr. J. E. Andrews for photogr.aphs of these paintings. 
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CLINICAL AND LABORATOEY STUDIES OF LIVER FUNCTION IN 
THERAPEUTIC MALARIA* 

By Maj. Paul M. Glenn! 

Capt. Lawtience I. Kaplan 

Lt. Col. Hilton S. Read 

ANP 

Maj. Frederic T. Becker, M.C., A.U.S. 

(From the Neurosyphilis Center, Finney General Hospital, Thomasvillo, Georgia) 


The exact status of the pathologic 
changes occurring in the liver during 
malaria infections is not well understood, 
but the topic has received increasing at- 
tention in recent investigations.^ Our 
interest in this subject tvas aroused when 
several cases of jaundice occurred as com- 
plications of therapeutic malaria at the 
Neurosyphilis Center of this general hos- 
pital. Furthermore, in view of the current 
emphasis on dietary constituents as a 
protection against or treatment for hepat- 
itis, it was decided that an e.xcellent 
opportunity to evaluate the protective 
qualities of special diets e-xisted. 

A critical study to determine the degree 
of liver involvement during malaria was 
facilitated by the active utilization of 
therapeutic infections on the Neurosyph- 
ilis Center. The patients were under 
well-controlled conditions, and the dura- 
tion of clinical malaria was often consid- 
erably longer than the customary period 
of treatment for neurosyphilis. 

Material and Method. The patients in- 
cluded in this study were all soldiers requiring 
malaria therap.y for neurosj’philis. The 
majority were yoxing men with asympto- 
matic neurosyphilis, and were otherwise in 
good general health. Almost ever}' patient 
had prcAdously received at least 6 months of 
maiiharsen and bismuth chemotherap}' jxre- 
scribed by the Army in the treatment of 
syphilis. Malaria inoculations were per- 
formed by a variety of techniques, including 
mosquito application, intradcrmal inocula- 


tion, and intravenous inoculations with 
varying parasite dosages. 

The status of the liver was followed wdth 
recorded observations, both clinical and 
laboratoiy, prior to the onset of malaria 
paroxysms, periodically during the parox- 
ysms, and following the therapeutic course 
until the patient’s discharge fromthehospital. 

Clinical observations were made very fre- 
quently. During the actual febrile course, 
the patients w’ere seen at least twice daily 
by one of the medical officers in attendance. 
Formal rounds w'ere made daity by at least 
one of us. Quantitative observations on the 
following details w'ere made on each patient. 
General condition: the presence of an 5 ’- 
digestive symptoms, particularly the condi- 
tion of the appetite or the presence of nausea 
and vomiting; the degree of jaundice, if anjq 
the palpability of the liver and spleen; and 
the presence of edema. Patients’ weights 
were closely follow'ed with obserx^ations re- 
corded once or twice weeklJ^ 

Complete laboratorj”- data w'ere obtained 
in each case. Those pertinent to the present 
investigation were; the hemoglobin; icterus 
index; van den Bergh reaction, both direct 
and indirect; plasma proteins with albumin 
and globulin partition; oral hippuric acid 
excretion test; the prothrombin time; the 
cephalin cholesterol flocculation test; and 
the urinary urobilinogen determination. 
These laboratorj" tests were performed before 
the onset of clinical malaria, and at varjing 
intervals during and after the active febrile 
course. In the case of those inoculated with 
vivax malaria, repeat studies were made after 
the initial 10 paroxysms, and then following 
each subsequent 5 paroxysms. In those 


* All Inbomtory tests were performed under the direct superexsion of DeW'itt F. Mullins, Capt., M.C. 
Chief of KniKir.itory Ser\'icc. 

t Major Olenn died after this stud.v w.as completed. 
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with quartan malaria, the determinations 
were made after the initial 5 paroxysms, 
and then after each subsequent 5 paroxysms. 
In both instances (vivax and quartan), at 
least 1 follow-up test was performed approxi- 
matcl}' 10 days after the institution of ata- 
brine therapj'. In some cases, 2 and 3 fol- 
low-up tests, at different intervals, were 
performed if the patient was hosiiitalizcd 
long enough. 

The patients in the stud}’ were divided 
into 3 groups, designated Groups A, B, and 
C. There was no selection of patients for 
this grouping, for they were placed in a 
consecutive group as tlicy were inoculated. 
The only exceptions were Negro patients, 
all of whom were inoculated with quartan 
malaria. Arbitrary group assignments were 
here made in order to equally distribute the 
smaller number of quartan-infected cases. 
There were 20 patients in each group— 15 
with xdvax malaria and 5 with quartan 
malaria, making a total of CO patients in 
the entire study. 

Group A was the control group and re- 
ceived onlj’ the routine treatment with no 
additional medication. They were given the 
regular hospital diet, which averaged 335 
gm. of carbolydratc, 115 gm. of protein, 
and 164 gm. of fat, for a total of 3300 calor- 
ies dail}’. In this group, as well as in the 
other groups, meals were tolerated best on 
paroxj’sm-free da}’s. On febrile days, pa- 
tients definitely ate less, ingesting verj' little 
solid food and mostlj’ liquids. This general 
digestive status was altered as noted by the 
specific observations in Table 2. 

Patients in Group B were given, in addi- 
tion to the regular diet as prescribed for 
Group A, additional protein intake in the 
form of more high protein foods. The}’ were 
served with “protein cocktails,” 3 times 
daily, each consisting of a glass of milk con- 
taining 1 egg and 1 tbs. of Brewer’s Yeast 
Powder or Aminoids. If 3 cocktails were 
consumed daily, an extra protein intake of 
45 gm. was proxdded. Group B patients 
were also given multivitamin capsules, 2, 
3 times daily, each containing 2500 units 
vitamin A, 200 units vitamin D, 1 mg. 
thiamine chloride, 1.5 mg. riboflavin, 10 mg. 
nicotinic acid, and 37.5 mg. ascorbic acid. 
They also received crude liver e.xtract injec- 
tions (3 cc. each — assayed at 2 reticulogenic 
•units per cc.) intramuscularly ever}’ other 
day. 


Group C was on the same regimen as 
Group B, but received an additional 1000 cc. 
of intravenous glucose solution daily. This 
consisted of 5% glucose in saline and 10% 
glucose in distilled water on alternate da)’S| 
thus prox’iding each patient in Group C 
with an added average dose of 75 gm. of 
glucose intravenously daily during the course 
of the fever. 100 mg. of ascorbic acid and 
50 mg. of thiamine chloride were added to 
each intravenous infusion. Both Groups B 
and C were allowed to raise their protein 
intake as they desired by taking additional 
Brewer’s yeast or aminoids in peanut butter 
sandwiches, cereal, etc. 


Results and Discussion. 1. Clixical 
Observations. Tables 1 and 2 sum- 
marize the clinical observations made on 
each patient in the 3 groups during their 
febrile period. As noted, there are 3 de- 
grees of s}'mptoms recorded: those defi- 
nitely present (-f), those definitely not 
present (0), and those in which the degree 
is recorded as questionable (?). It was 
found that this latter category had to be 
included, because in so many cases the 
s}’mptoms were so slight or of such brief 
duration that opinions as to its definite 
presence varied between the different ob- 
servers or even by the same observer at 
different times. 

Table 1 shows the averages for the 
number of paroxysms reaching 104° F. or 
more; the number of hours of fever experi- 
enced above 103.6° F.; the lowest hemo- 
globin level; and the % of weight lost in 
each of the 3 groups, with separate aver- 
ages for the vivax and quartan infections 
in each group. These criteria give some 
indication of the severity of the malaria 
infection in each group. 

It is noted that in those cases recei%’ing 
quartan malaria therapy, the average 
number of hours of fever above 103.6 F. 
is much greater than in the mvax group, 
even though the average number of par- 
oxysms experienced vdth each species is 
about the same. This, of course, is to be 
expected from the t}'pe of fever plateaus 
commonly observed in quartan infections. 
A significant observation, illustrated b} 
the averages listed in Table 1, is that the 
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malaria in Groups B and C was a more 
severe disease than in Group A. The 
average number of paroxysms and the 
average number of hours of fever at the 
established level in Groups B and C were 
definitely greater than in Group A; hemo- 
globin values fell to lower levels than in 
Group A, and weight loss was greater than 
in Group A. 


with malaria therapy were about equal in all 
groups.’ The patients in Group C seemed 
to remain in a somewhat better general 
condition, complaining less of weakness 
and fatigue during their paroxysms than 
did those in Groups A and B. This 
observation, however, was difficult to 
evaluate objectively and is, therefore, not 
included in the tables. 


Table 1. — A Comparison of Avebage Values fob the Dubation of Feveb, Lowest 

Hemoglobin Level, 

AND % Weight Lobs in Groups A, B, and C 

■« 

/ 








Hemoglobin 







No, paroxysms 

No, hours fever 

Ion cst level 


Weight loss 

Average of; 


above 104° 

F. 

103.6° F. 

(em.) 


(%) 


Group A 

—Vivax . 

. , 

. . 15 3 


58 0 

7 S 


7.1 



Quartan . 

. . 8 8 


53 8 

9 0 


8 5 



Total . 

• • 

. . 13 6 


57 0 

8.1 


7 4 


Group B 

— Vivax . 


. . 17.7 


03 4 

7 9 


7 7 



Quartan . 

. . 10 0 


100 0 

7 6 


11 6 



Total . 


. 17 2 


72 7 

7 8 


8 7 


Group C 

—Vivax 


. . 18 0 


02.7 

7.9 


8 7 



Quartan . 

. . 15 2 


95 4 

7 5 


10 6 



Total . 

■ • 

. , 17 3 


70 8 

7 8 


8 4 


Table 2.- 

-CoMPABisoN of Clinical Observations During 

the Febrile Period in 




Groups A, B, and C 





Abdominal 

Loss of 









pain 

appetite 

Nausea 

Vomiting Jaundice 

Liver 

Spleen 

Edema 

Degree; 

T'T'o 

+ 1 0 

% 7 ~Q 

+ 

7 0+70 

+ 7 0 

+ 

7 0 

+ 70 

Group A — 










Vivnx . 

3 0 12 

12 2 0 

7 4 3 

2 

7 5 7 1 0 

8 2 5 

9 

2 4 

3 0 11 

Quartan 

10 4 

3 2 0 

113 

1 

0 4 10 4 

1 1 3 

0 

0 5 

2 0 3 

Total — No, 

4 0 IG 

15 4 0 

8 5 6 

3 

7 9 8 1 10 

9 3 8 

9 

2 9 

5 0 14 

% . 

20 0 SO 

79 21 0 

42 20 32 

16 

37 47 42 5 53 

45 15 40 

45 

10 45 

26 0 74 

Group B — 










Vivax 

3 0 12 

8 0 1 

0 11 4 

1 

9 5 8 2 5 

4 5 6 

10 

3 2 

2 1 12 

Quartan 

0 0 5 

2 3 0 

0 14 

0 

0 5 113 

3 0 2 

2 

0 3 

10 4 

Total— No. 

3 0 17 

10 9 1 

0 12 8 

1 

9 10 938 

7 5 8 

12 

3 5 

3 1 16 

% . 

15 0 85 

30 45 5 

0 60 40 

5 

45 50 45 16 40 

35 25 40 

GO 

15 25 

15 5 SO 

Group C — 










Vivax 

3 0 12 

10 6 0 

4 0 5 

5 

4 0 9 0 6 

1 3 11 

11 

1 3 

5 0 10 

Quartan 

1 0 4 

2 3 0 

0 3 2 

0 

3 2 0 0 5 

0 2 3 

3 

0 2 

1 0 4 

Total-No 

4 0 10 

12 8 0 

4 9 7 

5 

7 8 9 0 11 

1 5 14 

14 

1 5 

0 0 14 

% . 

20 0 SO 

00 40 0 

20 45 35 

25 

35 40 45 0 55 

5 25 70 

70 

5 25 

30 0 70 


+ iudic.'ito.'i the definite presence of the sjTiiptom or palpability of tlie organ at some time during 
the febrile course. ? indicates the minimal or questionable presence of the sjTnptom or questionable 
palpability of the organ at some time during the febrile course. 0 indicates the absence of the sjunp- 
tom or non-palj)ability of the organ at any time during the febrile course. 


Table 2 is a summary table showing the 
mimber of patients, stibdivided into vivax 
and quartan cases in each group, with the 
various degrees of symptoms. There is 
no striking difference in the frequency of 
any of the observations in the 3 groups, 
except for the palpability of the liver. 
Complications of various types, other than 
liver dysfunction, occurring in connection 


In both Groups B and C, the distaste 
for "protein cocktails” was uniform. It 
is difficult to mix a tasty preparation of a 
high protein supplement including any of 
the specially concentrated protein com- 
pounds. However, in 1 recorded period 
of observation of 1 month, the patients 
averaged 32 gm. of protein supplement 
daily from the "protein cocktails” alone. 
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There was no very striking difTerencc in 
the incidence of abdominal pain and 
digestive symptoms in the 3 groups. 
Nausea and vomiting had to be sepa- 
rately considered, since certain patients 
did not e.xperience nausea, but would 
vomit each time they attempted to eat. 
Nausea was of lesser severity in Group II 
than in either of the other groups, but 
this slight variation may have resulted 
from the small size of the groups involved. 
In view of the fact that the malaria infec- 
tions in Groups B and C were definitely 
more severe than in Group A, the slightly 
lower frequency of digestive sjnnptoms in 
these groups may have greater significance. 

Clinical jaundice appeared about cquallj'’ 
in all 3 groups, and was usually slight and 
limited to the sclera;. Jaundice was ob- 
served in a hirgcr number of cases than 
indicated by the icterus index and van den 
Bergh determinations. This, of course, is 
not surprising, since it may have been 
observed as a transient phenomenon dur- 
ing the very frequent clinical observations, 
and yet have been missed in the chemical 
determinations made at less frequent in- 
tervals. Furthermore, observations of 
minimal jaundice maj' at times be quite 
confusing, particularly near the end of 
the febrile course. At that stage, because 
of the generalized pallor, slight degrees of 
jaundice are difficult to evaluate. In addi- 
tion, some of the patients still had residual 
skin discoloration from long periods of 
suppressive atabrine therapy in overseas 
theatres. At any rate, there was no defi- 
nite correlation between the clinical ob- 
servation of jaundice and the palpability 
of the liver. 

The most interesting clinical observa- 
tion concerned the palpability of the liver. 
The number of patients with enlarged 
livers in Group C was definitely less than 
in either Groups A or B, as noted in 
Table 2. In only 1 case (5 %) in Group C 
was the liver definitel}’^ palpable, as con- 
trasted to 7 cases (35 %) in Group B and 
9 cases (45 %) in Group A. On the other 
hand, in 14 cases (70%) in Group C, the 
liver was definitely not palpable dmriqg 


the entire course of malaria; whereas in 
Group B there were only 8 cases (40%) 
and in Group A S cases (40%) in which 
the liver was never palpable. However, 
there was no definite relation of digestive 
sjTuptoms to the size of the liver. The 
difference in liver palpability was in con- 
trast to the similar incidence of digestive 
symptoms in each group. It is, therefore, 
probable that digestive symptoms are not 
entirely either a cause or a result of liver 
enlargement. 

Furthermore, the absence of liver en- 
largement in Group C is not due merely to 
the fact that this group had the highest 
calorie intake from the additional intra- 
venous glucose, because the % weight loss 
in this group was similar to that in Group B 
and more than that in Group A. There 
is, therefore, the possibility that the addi- 
tion of intravenous glucose in Group Cs 
regimen had some relation to the observa- 
tion that the liver was least often palpable 
in this group. If it is assumed that 
enlargement of the liver is prima facie 
evidence of some liver derangement, per- 
haps of fatty metamorphosis, one can 
conjecture that such involvement of the 


liver was least in Group C. 

After the completion of each malaria 
course, the parasitemia was terminated 
with atabrine therapy consisting of 0.2 gm. 
of atabrine every' 6 hours for 5 doses, 
followed by 0.1 gm. 3 times daily foi 
6 daj's — a total dose of 2.8 gm. of atabrine. 
After antimalariiil therapy had been com- 
pleted, most of the patients received 
10 daily injections of mapharsen (0.06 gm. 
daily). In 6 cases (4 in Group A, 1 each 
in Groups B and C), the liver became 
definitely more enlarged after the maphar- 
sen injections had been started. In 1 
other case, in Group C, the liver became 
questionably palpable following atabrine 
therapy, even though this -particular 
patient did not receive mapharsen. 

In 270 cases of neurosyphilis treated 
with therapeutic malaria prior to the con- 
trolled study herein reported, the fiver 
was found to be palpable in 24.7% 
some time during the clinical course. This 
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less frequent enlargement can be explained 
only on the basis of infrequent and less 
careful examinations. 

The spleen was palpably enlarged slight- 
ly more often in Groups B and C than in 
Group A. This may have been the result 
of the increased severity of malaria in 
these groups, as previously noted. The 
fact that the frequency of enlargement of 
the liver in the 3 groups varied in the 
opposite direction from the frequency of 
splenic enlargement supports the belief 
that the regimen, on which Group B and 
particularlj'’ Group C were placed, may 
have prevented liver enlargement. 


various laboratory determinations in the 
3 groups before, during, and after the 
febrile course of malaria. The average 
icterus index during the febrile period 
was slightly, though not significantly, 
higher in Group A than in Groups B and C. 
There were very few icterus index read- 
ings in the range of clinically discernible 
jaundice. 

(6) The van den Bergh Reaction. The 
van den Bergh determinations were per- 
formed by the method of Goodrich and 
Gibson. Table 3, line B, shows that, 
again, determinations were very similar in 
the 3 groups. 


Table 3.— Laboratory Determinations Showing the Range and Average of the 20 Cases in 
Each Group Before, During, and After the Febrile Period 

Group A Group B Group C 


Range 

Average 

Range Average 

Range 

Average 

Icterus index: 

Before 

3 2-17 

7 

S 9 

2 4-14 3 

8 2 

5 3-11 

4 

8 3 

During 

5 G-3S 

1 

12 3 

4 5-24 0 

10 3 

5 G-23 

5 

11 0 

After 

. 4 2-11 

1 

7 1 

4 6-11 9 

7 2 

4 0-16 

0 

7 4 

Indirect van den Bergh: 

Bcfoie 

N*- 1 

95 

0 75 

N- 1 44 

0 65 

N- 1 

7 

0 60 

During 

N - 3 

SO 

1 25 

N- 4 00 

1 OG 

N- 2 

95 

1 16 

After 

N - 0 

SI 

0 27 

N- 0 90 

0 28 

N- 0 

71 

0 2G 

Hipputic acid excretion: 

Befoie 

2 0-4 

S 

3 0 

10-47 

3 5 

1 8- 5 

2 

3 4 

During 

1 2- 5 

4 

3 1 

0 2-53 

3 1 

0 9-5 

2 

3 0 

After 

0 1-5 

3 

2 4 

0 2-45 

2 2 

0 1-5 

2 

2 5 

Plasma proteins: 

Bofoio 

C C- S 

3 

7 G 

G 6- 9 1 

7 5 

7 1-8 

9 

7 G 

Dining 

5 0-8 

2 

G 5 

4 9-78 

G 4 

5 5-8 

0 

6 5 

After 

G 3- S 

5 

7 2 

5 9-88 

7 1 

5 6- S 

5 

7 2 

Albumin: 

Before 

3 9-0 

2 

5 2 

3 6-58 

4 8 

4 0-5 

7 

4 9 

Duiing 

2 7-4 

5 

3 6 

2 6-41 

3 5 

2 5-4 

5 

3 6 

Aftei 

3 3-5 

1 

4 4 

3 1-55 

4 3 

3 3-5 

7 

4 4 

Globulin: 

Before 

1 8- 4 

3 

2 7 

2 0-39 

2 7 

2 0-4 

2 

2 7 

During 

1 G- 4 

1 

2 9 

16-42 

3 0 

1 8- 4 

3 

3 0 

After 

2 0-4 

2 

2 8 

19-42 

2 8 

2 0-3 

7 

2 8 


*N sipnifics normal bilirubin determination, but too low to read accurately. In computing the 
averages, (bib value was taken to be 0.2 mg, per 100 cc. 


Edema was observed in about the same 
frequency in Groups A, B, and C. In all 
cases, it was only minimal. In none of 
the edema cases were there any cardiac 
or urinary abnormalities to suggest either 
as in\ ctiologic factor in the production of 
this complication. 

2. LtnouATORV STroiLs. (a) Icterus 
Tude.r. Icterus index determinations were 
done by t he method of Bernheim. Table 3 
shows the ranges and averages of the 


Some of the determinations for the 
indirect van den Bergh reaction in the per- 
iod before the onset of fever were slightly 
high for the value considered to be nor- 
mal. The same was true of several icterus 
index, cephalin cholesterol flocculation, 
and urinary urobilinogen determinations. 
The explanation for this may be that these 
laboratory studies were usually made 
after the inoculation of the patient with 
malaria parasites. INIost of them, there- 
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fore, were studied during the pre-patent 
or incubation periods, during which time 
alterations to be observed during the 
febrile course may have already been 
initiated. At any rate, in none of the 
cases shoudng abnormal determinations 
during the pre-febrile period was there 
any clinical evidence of prcc.xisting liver 
disease. Furthermore, in all of these cases, 
subsequent determinations after the febrile 
period, and in some instances even during 
the febrile period, were within the normal 
range. 

There was no apparent correlation be- 
tween the average bilirubin determinations 
before, during, and after the febrile period 
and the palpability of the liver. In addi- 
tion, there was no particular difference in 
the incidence of elevated blood bilirubin 
in patients with various degrees of liver 


Bergh readings (above 1 mg. per 100 cc.) 
were uniformly encountered. From the 
reverse aspect, however, not all of the van 
den Bergh determinations above 1 mg. 
per 100 cc. were associated with diphasic 
or direct reactions. Table 5 shows that 
the diphasic van den Bergh reactions were 
most frequent in cases with liver enlarge- 
ment. These observations indicate that 
hyperbilirubinemia was not entirely due 
to hemolysis, but in at least some instances 
to hepatocellular disease, particularly in 
those cases with manifest jaundice and 
enlargement of the liver. • 

A correlation of digestive sjmptoms 
with blood bilirubin levels in Table 6 
shows that the incidence of definite loss of 
appetite increases vith the bilirubin level. 
With values below 1 mg. per 100 cc. only 
40 % of patients had marked loss of appe- 


Table 4.— Isxiden'ce of Elevated BiLmmiiN and Chemical Manifest Jaundice Range 
IN Relation to Deobee of Liver E.nlargement 


Liver 

A" ' 

Palpability No. 
of liver cases 

+ 17 

? 12 

0 27 


Elevated bilirubin 


Bilirubin above 1 raR./lOO cc. 
Icterus index above 12 units 


No. % 

11 64.7 

9 76.0 

16 59.2 


Manifest jaundice 


Bilirubin above 2.6 ins./IOp cc. 
Icterus index above 18 units 


No. % 

5 29.4 

2 16.6 

4 14.8 


For explanation of -f, ?, and 0, see Key, Table 2. 

enlargement (Table 4). However, ele- 
vated bilirubin beyond the manifest jaun- 
dice level (2.6 mg. per 100 cc. or icterus 
inde.v above 18 units) occurred tndee as 
frequently among patients with enlarged 
livers as in those without increased liver 
palpability (Table 4). It is felt, therefore, 
that hyperbilirubinemia was largely due 
to the hemolytic effect of malaria rather 
than to involvement of the liver. This is, 
perhaps, corroborated by the fact that 
most of the determinations showed only 
an indirect van den Bergh reaction. 

The direct van den Bergh reaction was 
diphasic, immediate, or delayed direct in 
only a very few instances (7 in Group A, 

4 in Group B, and 5 in Group C). In these 
cases, in which the direct van den Bergh 
reaction was other than negative, the 
highest icterus index and direct van den 


tite. In the range of latent jaundice, this 
increased to 72%, whereas vdth manifest 
jaundice (bilirubin levels above 2.6 mg- 
%), 91 % of patients experienced defoite 
anorexia. The variations of other diges- 
tive symptoms were not as pronounced. 

(c) Plasma Proteins, Albumin and Globu- 
lin Partition. The plasma protein deter- 
minations were done by the method of 
Howe (Kjeldahl). Table 3, lines D, E, 
and F, lists the range and averages of the 
plasma proteins and the albumin and 
globulin fractions in each of the 3 groups 
during the 3 periods of observation. No 
particular difference between the groups 
was apparent. 

The total protein decreases during the 
febrile period, but returns almost to nor- 
mal levels thereafter. Simultaneously 
with this decrease, there is a slightly 
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greater fall in the albumin fraction and a 
coincident slight rise in the globulin frac- 
tion. These changes in plasma proteins 
during the course of malaria have been 
previously described by Kopp and Solo- 
mon.® 


(d) Hippuric Acid Excretion Test. The 
hippuric acid excretion test was performed 
by Quick’s ether extraction and digestion 
method. No urine specimens were sent to 
the laboratory for determination if the 
test seemed incomplete in any way. 


Table 5. — Inoidekce of Diphasic and Direct van den Bergh Reactions During the 
Febrile Period Related to Various Degrees op Liver Enlargement 


van den Bergh reactions 


Liver 


Diphasic 

Direct 

immediate 

Direct 

delayed 

I’almvbilily 
of liver 

No. 

cases 

No. % 

No. % ' 

No. % 

+ 

17 

5 29.4 

1 5 9 

1 5 9 

? 

13 

1 7.7 

1 7.7 

1 7.7 

6 

30 

3 10.0 

1 3.3 

2 6.7 


For oxphimition of +, 7, and 0, see Key, Table 2. 


Tabi.b 0. — Incidence of Blood Bilirubin Levels and van den Bergh Reactions 

Related to Digestive Symptoms 

van den Bergh reaction 




Blood bilirubin (mg./lOO cc.) 


Diphasic 
immediate 
or delayed 
direct 



Loss of 
appetite 

.Above 

1 2.0 mg. 

1-2.0 mg. 

Below 1 

mg. 

Indirect only 

'~No~ 

% 

No. 

% 

No. 

% 

No. 

% 

No. 

% 

+ . 

. 10 

90 9 

IS 

72 

S 

40 

11 

OS 7 

25 

64 1 

7 , 

1 

9 1 

7 

2S 

11 

55 

5 

31 3 

13 

33 8 

0 

0 

0 

0 

0 

1 

5 

0 

0 

1 

2 5 

Nnusfifi 

+ . 

. 4 

30 3 

4 

10 

3 

15 

5 

31 3 

0 

16 3 

7 . 

5 

45.4 

12 

48 

7 

35 

C 

37.4 

IS 

46 1 

0 

2 

IS.l 

9 

30 

10 

50 

5 

31 3 

15 

38.4 

VomitiiiK 

+ . 

2 

IS 1 

3 

12 

3 

15 

3 

IS 7 

5 

12 8 

? . 

5 

45 4 

12 

4S 

4 

20 

7 

43 7 

14 

35.9 

0 

4 

30.3 

10 

40 

13 

05 

0 

37 5 

20 

51.2 


For explanation of + , 7, and 0, see Key, Table 2, 

It is interesting that in malaria, the drop 
in serum albumin becomes apparent so 
rapidly, while in diseases with obvious 
loss of albumin or decreased protein in- 
take, the reflection in the serum level 
seems to appear much slower. It seems 
unlikely that decreased protein intake 
and depleted protein stores are the entire 
explanation in the malaria, but perhaps 
the presence of liver disease in some way 
inhibits the formation of serum albumin 
from its iirccursors. The rapid return of 
protein values to nonnal levels after the 
febrile period also supports this hypothesis. 


Nurses were instructed to stand at the 
patient’s bedside until the sodium ben- 
zoate was ingested. If it was incompletely 
taken, if there was any vomiting after its 
administration, or if there was any ques- 
tion that the total 4 hour specimen of 
urine was not collected, then such tests 
were discarded. 

Table 3, line C, shows the range and 
averages of the hippuric acid determina- 
tions in the various periods in the 3 groups. 
The results were similar in all groups. 
However, although during the febrile per- 
iod the hipuric acid excretion drops (a 
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fact not unexpected), the average excre- 
tion continues to drop during the period 
after tlie termination of fever. This is 
liardly to be expected in view of the return 
towards normal of all the other laboratory 
findings, and requires further comment. 

"We must assume that the results arc 
factual, even though a number of deter- 
minations after the febrile period, and a 
few during fever, were very low (0.1 to 
O.S gm.), because the techniques were 
checked both on the ward and in the 
laboratory. 


function of the liver, the use of these 
drugs may account for the increasing im- 
pairment of the detoxification function, 
as reflected by the hippuric acid excretion 
test. A comparison of the averages of 
the hippuric acid determinations mth the 
degree of liver enlargement reveals no 
correlation of these findings. 

(c) Cephalin Cholesterol Flocculation Test. 
This determination was done by the meth- 
od of Hanger, using Wilson Laboratory 
Antigen. Table 7 shows the readings of 
the cephalin cholesterol flocculation test 


Table 7.— Ceimialtn CiioLESTEitoi. Floccdlatiox Reactioks (4S Houn) ox the 20 Patients 
IN Each Group Befoue, Dubing, and After the Febrile Period 

No. cephalin chole.itcrol flocculation reactions 



Ncg. 


+ 

+ 

-t- + 

-f-t-f 


Group A — Before 

. . . 4 


2 

5 

3 

1 

1 

During 

2 


0 

0 

0 

2 

30 

After 

. . . 10 


0 

1 

2 

6 

15 

Group B — Before 

. . . 7 


1 

2 

4 

I 

2 

During 

2 


0 

0 

0 

0 

31 

After 

. . . G 


2 

3 

0 

9 

15 

Group C— Before 

... 0 


1 

3 

5 

1 

1 

During 

. . . 1 


0 

0 

0 

2 

32 

After 

7 


3 

0 

3 

4 

17 

Table S.— Uri.varv 

Urobilinogen 

Determinations on 

THE 20 Patients in Each Group 

Before, During, and 

After the Febrile Period 




Group A 


Group B 

Group C 


Range 

Average 

Range 

Average 

Range 

.Average 

Before 

10-40* 

2S 


10-60 

26 

20-150 

35 

During 

. 10-300 

SO 


lOSOO 

S6 

10-250 

S7 

After .... 

10-150 

37 


20-100 

41 

20-100 

35 


* These figures indicate the dilution in which the urobilinogen test was positive, e. g., 40 indicates 
urobilinogen was positive in 1:40 dilution. 

There is a possible explanation, how- 
ever, as .to why the detoxification function 
may be increasingly impaired after the 
febrile period. As previously noted, in at 
least 7 cases the liver enlargement was 
found to increase after the termination 
of malaria with atabrine and after the 
10 daily injections of mapharsen. Further- 
more, the hippuric acid excretion did not 
drop to the extremely low levels noted 
above in any of the cases not receiving 
mapharsen after the febrile course. All 
of the extremely low results occurred in 
patients receiving the 10 daily injections. 

Because both atabrine and mapharsen 
place an added load on the detoxifjdng 


in 48 hours in the various periods in each 
group. The readings were entirely similar 
in all 3 groups. The reaction was 4-f" in 
48 ■ hours in practically every case of 
malaria during the febrile period. In onl.i 
2 of the 60 cases included in this study did 
the reaction not reach 4-1- in 48 hours. 
These 2 patients were both in Group A, 
both had quartan malaria; and both 
showed only a 3-f- reaction in the one 
reading made in each case during the 
febrile period. One patient experience 
only 8 hours of fever above 102° F., and 
then developed a spontaneous remission. 
He was subsequently reinoculated vith 
falciparum malaria in order to complete 
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the desired therapeutic course. The .other 
experienced only 4 hours of fever above 
103.6° F. He had no paroxysms reaching 
104° F. but did run a low grade fever for 
32 days. 

The cephalin cholesterol flocculation 
tests did not return to normal levels as 
rapidly as the other laboratory findings. 
As a matter of fact, at the time of dis- 
charge from the hospital, which in most 
cases was between 3 and 4 weeks after the 
termination of the malaria, about 50% of 
the patients still had a flocculation read- 
ing of 44 - in 48 hours. This may be an 
indication that the liver had not returned 
to its normal state, and such patients 
should be further followed. 

(/) Urinary Urobilinogen Deierminaiion. 
This test was performed by Wallace and 
Diamond’s modification of Ehrlich’s meth- 
od. Table 8 shows very little difference 
between the range and averages of the 
determinations in the 3 groups during the 
different periods of observation. 

{g) Proihromhin Time Determination. 
Prothrombin determinations were done by 
the method of Quick, using thromboplastin 
made by the Fourth Service Command 
Laboratory and by the Finney General 
Hospital Laboratory. The prothrombin 
time determinations were reported 'in 
seconds. Though each group of prothrom- 
bin readings were performed with lots of 
thromboplastin which gave normal read- 
ings with normal blood when prepared, 
there was enough variation between the 
various lots of thromboplastin to make 
the determinations more dependent upon 
the particular lot used and the day the 
test was done than upon any condition in 
the patient. For this reason, tlie only 
conclusion dranm from these results was 
that they cjinnot be reported in seconds 
if it is desired to compare the determina- 
tions made at different times with differ- 
ent lots of thromboplastin on the same or 
different patients. The results must be 
reported by some method which allows 
comparison between various lots of throm- 
boplastin. such as the percentage method 
outlined by Hum, Barker and Magath.= 


3. Histologic Observations. During 
the course of this study, 2 patients not 
included in the investigation of liver 
function died during therapeutic malaria. 
The pathologic findings in the liver in 
these cases were as follows; 

Autopsy Findings. Case 336. Death from 
spontaneous rupture of the spleen. 

Liver. Weight 2100 gm. The surface 
was dark, reddish tan and finely granular. 
The edges were rounded. On section the 
cut surface was dark, reddish tan in color 
and was more friable than normal. The 
normal hepatic pattern was present on micro- 
scopic examination, but there was moderate 
thickening of the peripheral connective tis- 
sue with infiltration by many round cells 
and occasional histoc 3 des. The Kupffer cells 
were swollen and contained reddish brown 
granular pigment. The hepatic cells showed 
cloudy swelling and finely granular yellow- 
ish green pigment in their cytoplasm. Occa- 
sional foci of interstitial hemorrhage were 
present. The small bile ducts appeared nor- 
mal. The portal veins contained several 
mononuclear cells. 

Case 445. Death, primary cause xtnknovni, 
related to hypocalcemic tetany. 

Liver. Weight 1575 gm. The liver ap- 
peared enlarged with some rounding of the 
lower edge. Color normal but consistenc}’^ 
softer than normal. The cut edge everted 
slightly and the cut surface was homogene- 
ous, reddish brown in color and moderatelj" 
congested. The lobules were fairly well de- 
marcated. Microscopic examination showed 
a capsule of normal thickness but generalized 
enlargement of the hepatic lobules resulting 
from dilatation of the sinusoids with blood. 
The sinusoids contained an increased num- 
ber of mononuclear cells. The histioc.vtic 
endothelial cells showed moderate prolifera- 
tion. The mononuclear cells assumed 
ameboid shapes, contained a few vacuoles 
and some granular j^ellow pigment. The 
hepatic cells in the liver cord appeared com- 
pressed. The central veins displayed con- 
gestion and slight subintimal infiltration by 
mononuclear cells and hnnphocj'tes. The 
periportal connective tissue showed an in- 
creased number of fibroblasts in some areas, 
resembling a submiliarr* granulom.a. The 
bile ducts contained a moderate amount of 
bile. 
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The increased connective tissues in the 
periportal spaces and pigment deposition 
were common findings in the 2 livers. 
In 1 case, the hepatic cells showed cloudy 
swelling and occasional foci of interstitial 
hemorrhage, while in the otJier, the 
hepatic cells were compressed, apparently 
from dilatation of the sinusoids with blood. 

These anatomic findings are to be com- 
pared to those reported by Kern and 
Norris.^ In their 2 cases of naturally 
acquired malaria, who died of this disease, 
the findings in the liver at postmortem 
e.xamination revealed (1) hepatitis, with 
central and mid-zonal necrosis, and (2) 
central and mid-zonal atrophy. In 4 cases 
of acquired malaria, who died of other 
causes, they found swelling of the par- 
enchjTnal liver cells and consequent com- 
pression of the sinusoids. 

From these histologic observations, it 
can be stated that there is definite e\ddence 
of some alteration of structure in the liver 
during malaria infections. Observations 
are insufficient to categorize the type of 
involvement. 

Summary. From the results of this 
study, it appears that the liver is involved 
in every case of malaria, showing some 
degree of dysfunction by various tests. 
The function of deto.xification, as meas- 
ured by the hippuric acid e.xcretion test, 
was depressed for the longest period. 


although atabrine and mapharsen admin- 
istered after malaria therapy may contrib- 
ute to the continued depression of this 
function. The involvement of the liver 
is probably not very severe, since other 
liver function tests return to normal in a 
short period after the termination of 
malaria. The cephalin cholesterol floccula- 
tion test, however, returns to normal more 
slowly than the other tests performed in 
this study. 

This study also indicates that the en- 
largement of the liver is no indication of 
the degree of dysfunction. Furthermore, 
the digestive sjTnptoms e.Kperienced dur- 
ing malaria therapy are not dependent 
upon the liver disease, but apparently 
largely upon the malaria, probably the 
fever, itself. Though marked loss of 
appetite increased in frequency’’ as the 
blood bilirubin became elevated, the fre- 
quency of definite anorexia did not vary 
significantly with liver enlargement. 

Judging by the liver function tests used 
in this study, there was no striking pro- 
tection of the liver by the addition of 
protein (amounting to more than 32 gm. 
daily) to the diet, high vitamin intake, 
or crude liver extract injections. How- 
ever, the addition of 75 gm. of glucose 
intravenously daily did decrease the inci- 
dence of liver enlargement quite signifi- 
cantly. 
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EFFECT OF ROOM TEMPERATURE ON SEDIMENTATION RATE OF 
RED BLOOD CELLS OF MAN* 


By Lt. Col. William B. Wartjian, M.C., A.U.S.f 

INSTITUTE OF PATHOLOGY, WESTEHN HESEHVE UNIVERSITY 
CLEVELAND, OHIO 


(From the Laboratory Service, Fourth General Hospital, A.U.S.) 


This paper is an account of experiments 
made for the purpose of discovering how 
the sedimentation rate of red blood cells 
is changed by room temperature, and if 
it is possible to make a graph which will 
give the true sedimentation rate at a given 
base temperature, for example 20° C. 


in 1 hour in a young man would be only 
8 mm. at 20° C., which is a normal rate 
for the test of Wintrobe and Landsberg, 
where the range for healthy men is 0 
to 10. In the same way use of a sedi- 
mentation rate in which a correction has 
not been made for the effect of tempera- 


Table 1. — Sedimentation Rates at 6 Different Temperatures 


Unrighted scd. rate. 

ram 

:hr. : 

55-50 

49-45 

44-40 

39-35 

34-30 

29-25 

24-20 

19-15 

14-10 

9-0 

22 ” C.— N.O. 




11 

13 

14 

7 

14 

21 

12 

18 

17 

29 

M. . 




47.0 

37.0 

31.0 

25.3 

17.0 

14.0 

10.7 

7.0 

4.0 

2.4 

C.V. . 




10.0 

18.0 

14.5 

15.0 

25.0 

24.8 

15.9 

28.0 

35.0 

45.8 

26° C.— N.O. 




9 

4 

8 

5 

2 

5 

7 

9 

9 

10 

M. . 




48.2 

38.2 

31.2 

20.0 

18.0 

15.0 

12.0 

7.3 

5.0 

3.0 

C.V. . 




12.0 

13.4 

10.9 

15.4 

23.3 

20.7 

14.2 

23.4 

32.0 

33.3 

30° C.— N.O. 




9 

13 

13 

7 

14 

21 

12 

18 

17 

29 

M. . 




49.7 

42.0 

35.0 

29.0 

21.0 

10.0 

15.0 

10.5 

0.5 

3.9 

C.V. . 




8.0 

9.5 

8.3 

9.7 

20.8 

14.7 

9.3 

18.1 

20.2 

41.0 

34° C.-N.O. 




19 

5 

8 

5 

2 

0 

8 

10 

9 

17 

iM. . 




52.0 

43.0 

37.0 

32.4 

25.4 

21.0 

17.5 

12.8 

8.2 

4.9 

C.V. . 




7.7 

0.9 

0.8 

6.2 

23.2 

17.1 

8.0 

13.3 

15.7 

28.0 

37° C.— N.O. 




11 

9 

12 

6 

10 

15 

10 

14 

14 

23 

M, . 




52.0 

43.2 

38.0 

33.5 

27.4 

22.0 

18.2 

13.4 

9.0 

5.3 

C.V. . 




6.4 

8.8 

5.3 

0.0 

9.5 

9.1 

7.7 

11.2 

13.3 

20.4 

41° C.— N.O. 




9 

9 

9 

5 

5 

13 

9 

13 

12 

19 

M. . 




53.8 

47.0 

42.0 

37.4 

31.5 

27.0 

22.4 

17.0 

12.0 

0.0 

C.V. . 




0.2 

2.1 

3.2 

2.2 

5.4 

5.2 

4.5 

8.8 

8.8 

28.4 


Number of obscrvntions (N.O.), menu sedimentation rates (M.), and coeflicienfs of variation (C.V,). 


Though we have had knowledge for a 
long time that room temperature may 
have an effect on the sedimentation rate 
of blood, sufficient attention has not gen- 
erally been given to this possible cause of 
error. DcCourcy,^ Fahreus,- Gordon and 
Cohn,® Rosenthal,'* Stats and Wasser- 
man,® and Westergren® have gone into 
certain details of this question, but have 
not made graphs for correction of the 
error. Graph 2 in this paper makes clear 
the effect of high room temperature on 
sedimentation rate. For e.xample, at 
37° C., a sedimentation rate of 16 mm. 


ture may be the cause of an error in 
diagnosis of patients, who have been 
under medical care for a long time, and 
at different times of year. Comparison 
of a sedimentation rate measured on a 
warm day in summer with one measured 
on a cold day in winter may be the cause 
of a VTong opinion of the patient’s con- 
dition. But, if a correction is made to 
20° C., which is normal "room tempera- 
ture,” then comparison of observations 
made at different temperatures is possible. 


* This pnper is in Basic Enplish. But for n small number of special scientific words, only words in 
the basic and international science lists arc used. Tlic special words are; diagnosis, hematocrit, sedi- 
mentation, standard deviation. 

t On leave of absence from the Institute of Patholog>', tVestern Reserve University, and University 
Hospit.als of Cleveland. 
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Materials and Ways of doing the Experi- 
naents. As much venous blood was taken 
from 100 patients as was necessary for meas- 
uring the red blood cell sedimentation rate 
by Wintrobe and Landsberg’s method^ at 
0 different temperatures. Selection was 
made of this method because it is widely 
used and because it gives other observations 


0.5° C.; 30°=fc0.5° C.; 34°±0.5° C.; 37° C 
(range between 3G° and 37° C.); and4r± 
0.5° C. 

Blood was put in glass vessels at body 
temperature, and observations were made 
at the temperatures given above. Correc- 
tion was made for hematocrit errors at room 



Graph 1. — Temperature in degrees centigrade. 


of value, for example, hematocrit. The temperature at the end of every test in the 
patients were all young, white men IS to normal waJ^ 

30 j^ears old, who were sick with a number Observations. A small number of tests 
of diseases. No record was made of the made it clear that temperatures between 
diseases, as the cause of the high sedimenta- 15° and 22° C. do not have an important 
tion rate was not important for our purposes, effect on the sedimentation rate, and for 
Observations were made at these tempera- this reason no other observ'ations^ were 
tures: 22° C., or room temperature (this made at temperatures lower than 22 C. 
was in fact between 20° and 23° C.); 26°=^ One hundred and sixty sedimentation rates . 
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were measured. At 22° C. the values were 
in the range 0 to 60 mm. in 1 hour, whereas 
at higher temperatures the values were in- 
creased. In general, it may be said that 
the higher the room temperature the quicker 
the sedimentation rate, and that this rela- 
ship may be put in the form of a straight 
line. To make a statistical analysis of the 
observations, all readings at 41° C. were put 
in groups of 5 mm., and means for each 


gi-aph paper and making a straight line 
through the points. Other lines were then 
put in place on the base line at distances of 
2 mm. (Graph 2). 

The process of making Graph 2 must be 
written about at greater length. Means of 
the experimental^’- observed sedimentation 
rates are recorded in Graph 1, from which 
we see that it is possible to make a straight 
line through the points in such a way that 


ZO 30 35 40 45 



30 35 30 35 40 45 

Ghapii 2. — Tcmpcrolurc in degrees centigrade. 


group were worked out with standard devia- 
tions and coefiicients of variation. Like 
values were used for each of the other 5 tem- 
peratures (Table 1). Headings at 41° C. 
were taken as a starting place or base line 
for making graphs, because we had the 
de.sire to sec what the true sedimentation 
rate of blood would be at 20° C. Graphs 
were made by putting the means of the 
sedimentation rates for each temperature on 


there is good distribution of points over and 
under the line. In fact, the distance of 
these points from the lines is no greater 
than the coefficient of variation of the means. 
But it is seen that all lines are not parallel. 
Probably the reason for this is that, as 
the sedimentation rate is increased, red 
blood colls arc pushed tighter and tighter 
together, and the lines get more and more 
nearly parallel with the base. In other 
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words, in a number of conditions complete 
or nearly complete sedimentation of cells 
may take place so quickly that temperature 
will have but a small effect. Though these 
facts are so, parallel lines may be placed 
between those made from the experimental 
observations without causing a greater error 
than is present in the test itself. In this 
waj’- a graph can be made for correction of 
errors caused by changes in room tem- 
perature. 

From Table 1 it is seen tliat at low 
temperatures sedimentation rates in the 
normal range have a high coefficient of 
variation. This is because the measure- 
ments are in millimeters so that a differ- 
ence of 1 mm. which makes little change, 
for example, in a mean of 30 mm. will 
make a great change in a mean of 4 mm. 
or less. 

Use of Graph. To make use of the tem- 
perature correction graph, the sedimen- 
tation rate is measured in the normal way. 
If the room temperature is high the value 
at 20° C. is given by looking on the graph 
for the point where room temperature 
and sedimentation rate come together. 
Now go dovm the nearest sloping line as 
far as 20° C. where the true sedimenta- 
tion rate is seen. For example, if the 
sedimentation rate is 22 mm. in 1 hour 


at 38° C., the sedimentation rate at 20° C. 
will be 12 mm. After making the neces- 
sary temperature correction, the hemato- 
crit error may be overcome by using the 
graph made by Wintrobe and Landsberg.’ 

Chief Points of Paper. 1. Observation 
was made of the effect of high room tem- 
perature on sedimentation rate of red 
blood cells as measured by Wintrobe and 
Landsberg’s method. 

2. A high room temperature, such as 
ma}’' be present in warm weather or in an 
overheated room, may be the cause of an 
important increase in sedimentation rate, 
which may make for an error in diagnosis. 

3. A graph for correcting the effect of 
temperature was made from measure- 
ments of sedimentation rate at 6 different 
temperatures (22°, 26°, 30°, 34°, 37° and 
41 ° C.) in ICO sick men 18 to 30 years old. 

4. Use of the graph will give the true 
values at a given base temperature of 
sedimentation rates which have been 
measured at a higher temperature (20 
to 45° C.). The suggestion is made that 
20° C. be used for this base temperature. 

5. If corrections are made for the errors 
which are caused by temperature and 
hematocrit, then comparison can be made 
of sedimentation rates measured at differ- 
ent room temperatures. 
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APLASTIC ANEMIA IN SOLDIERS TREATED WITH ATABRINE 

(QUINACRINE) 

By Lt. Col. R. P. Custer, M.C.* 

■WASHINGTON, DISTRICT OF COLUMBIA 

(From the Army Institute of Pathology) 


Drug suppressive treatment of malaria 
insured the success of our military opera- 
tions in the South and Southwest Pacific 
Areas where many of the islands are 
among the most highly malarious regions 
in the world. It also made possible main- 
tenance of our armed forces in certain 
areas of the Asiatic (China-Burma-India) 
Theater. Bitter experiences early in the 
war proved that malaria could neutralize 
our combat forces far more rapidly and 
effectively than enemy fire. Other means 
of malaria control, apart from the use of 
protective clothing and mosquito repel- 
lents, were not feasible until the units 
were firmly established. 

Although drugs naturally did not pre- 
vent infection, the dose of atabrine rou- 
tinely employed for suppressive treat- 
ment (0.6 to 0.7 gm. per week in daily 
doses of 0.1 gm. each) seemed to cure 
falciparum malaria unless continued rein- 
fection occurred. The symptoms of vivax 
malaria were suppressed in most cases as 
long as therapy was continued. Conse- 
quently suppressive treatment was carried 
on until infected individuals were in a 
situation where active treatment w'as 
possible. 

Atabrine proved superior to quinine for 
suppressive treatment, being more effec- 
tive and better tolerated by the troops. 
It was generally regarded as harmless and, 
for the most part, with good reason. Intes- 
tinal disturbances occasionally followed 
the first few doses of atabrine but usually 
disappeared, even though treatment was 
not interrupted. Sometimes quinine had 
to be substituted when intolerance to 
atabrine became eiddent. 

The possibility that atabrine in sup- 
pressive dosage might produce harmful 


effects was entertained by some observers . 
In an effort to determine whether this was 
valid, the Army Institute of Pathology 
instructed all laboratory officers to include 
any existing records of atabrine therapy 
in autopsy protocols no matter what the 
cause of death. A microscopic examina- 
tion of tissues and a review of postmortem 
findings were carried out by staff members 
of the Institute. For some time nothing 
of significance was observed, but later it 
became apparent that aplastic anemia 
was the cause of death in a disproportion- 
ately large number of cases represented 
by autopsy material sent from the South 
and Southwest Pacific Areas, where a rigid 
antimalarial regime was in force. This 
trend was continuous. In addition, mate- 
rial from sternal bone marrow biopsies of 
a few non-fatal cases was received from 
the same theaters. 

This report is based on a study of 
57 cases of aplastic anemia with symp- 
toms first becoming apparent when the 
patients were in the South or Southwest 
Pacific Areas, or the Asiatic (China- 
Burma-India) Theater. The incidence of 
the condition in these regions is contrasted 
with that in the Army elsewhere. For 
the sake of bre^^ty the troops stationed 
in the continental and territorial United 
States, and all foreign theaters exclusive 
of the areas specified above will be desig- 
nated as Group I, and those in the special 
areas as Group II. 

Incidence. The polygons in the upper 
section of Chart 1 represent the actual 
number of cases of aplastic anemia which 
occurred in Group I according to the 
month during which the initial sjTnptoms 
were noted by the patients. The cor- 
responding curve in the chart shows the 


* Director of Laboratories, Presbyterian Hospital in Philadelpliia, on leave of absence. 
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total troop strength oi Group I and is 
drawn to scale for comparison with the 
troop strength curve of Group II below. 
The polygons in the lower section tally 
the cases of aplastic anemia from Group II 
by month of onset. 

It is apparent that aplastic anemia in 
Group I docs not increase at a rate out 
of proportion to rising Army personnel, 
whereas the incidence in Group II mounts 
enormously. This disparity becomes all 


apparent decline of incidence in Group II 
during the first half of 1945 is of dubious 
significance, due to incomplete figures. 
The corresponding value for Group I is 
apt to be more nearly complete, however, 
as virtually all laboratories in the Euro- 
pean Theater have been closed and their 
cases already collected at the Institute; 
furthermore, material from hospitals in 
the United States is generally sent in 



Chabt 1. 


the more striking when the incidence is 
computed semi-annually as cases per 
100,000 troops (Chart 2). Group I has a 
rate ranging from 0.04 to 0.18 cases per 
100,000, the larger figure probably being 
fortuitously high, as it occurred when the 
Army was relatively small. It has not 
been reached again during any subsequent 
5 year period. After an initial lag. 
Group II displaj^ed a precipitous rise from 
0.66 to 2.84 cases per 100,000. The 


rather promptly. No data are available 
for the last half of 1945. 

Etiology. The years 1943 and 1944 
have been selected for a comparative study 
of the causes of aplastic anemia in both 
groups, since this was the period in which 
returns are complete and in which Group 
II is significantly represented. The results 
are shown in Chart 3. 

In Group I aplastic anemia twice fob 
lowed arsenical treatment of syphilis, 
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3 times, irradiation of malignant tumors; All had received suppressive doses of 

4 times, administration of sulfonamides; atabrine over periods varying from 1 to 
in 11 cases there was no demonstrable 34 months, the majority between 4 and 
cause. One patient from the North 14 months. The 34 month case was 
African Theater not included in the tabu- unique, however, and the patient appar- 
lation was said to have taken atabrine ently had not adhered to the prescribed 



(hiring the previous IS months, but there 
was no information regarding the amount 
or regularity of the dose. 

Tlic 47 cases occurring in Group 11 
during 1043 and 1044 are indicated in 
Chart 3 as “atabrinc-treated soldiers.” 


regime, as his record showed repeated 
“break-through” of tertian malaria which 
required active treatment. There was 
specific mention of overdosage prior to 
the onset of illness in 6 cases. Four men 
had increased the dose to 0.2 gm. daily, 
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1 for 3 weeks, another for 6 months, a 
third for 8 months, and the last for an 
unspecified time. Another soldier took 
between 20 and 30 talfiets during the 
4 days preceding onset of symptoms; still 


or detached service were given supplies 
of atabrine adequate for estimated time 
away from their units and, although 
instructions were given, administration 
was unsupervised. 



Fig. 1. — Typical sternal bone marrow of a patient dying from aplastic anemia of 2i months’ duration. 
Marrow spaces are almost completely filled with fat, the cells sprinkled through the interstices teipg 
residual erythrocyte and granulocyte progenitors admixed with lymphocytes, plasmogytes and histio- 
cytes. (Reduced from X 125.) 


another was said to have ingested “mas- 
sive doses” for 3 weeks before. Other 
instances of overdosage probably oc- 
curred, but were either not known or not 
recorded. For example, men on patrol 


Seven of the group treated with ata- 
brine had also taken sulfathiazole or sulfa- 
diazine. In 2 instances it was not pos- 
sible to exclude this as a precipitating 
factor, but in the others it was obvious 
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that the drugs were administered only 
after the onset of the anemia and in 
2 cases aggravated the pinpuric manifes- 
tations. Atabrine dermatitis complex, 
the term recently proposed to designate 
so-called New Guinea lichen planus, pre- 
ceded aplastic anemia in 20 cases; in these 


topical applications of various sorts Avere 
used and light Roentgen ray treatment 
was given in 1, but these were not re- 
garded as significant causal factors. A 
few patients had taken aspirin for head- 
ache which was frequently a feature of the 
prodromal period. The remainder had 



Fig. 2. — Tho stomal marrow from an acute case (death in 10 days) is largely depleted and shows 
early fat replacement. The fat cells are small in contrast with those in Figure 3 and some arc rather 
ragged. The remaining colls are mostly ciydliroblasts, normoblasts, and histiocytes. There is also 
hemorrhage in the interstices which in some cases is extensive. (Reduced from X 550.) 

Fio. 3.— An orderly and nearly complete fat replacement is noted in tho marrow of a patient 
who survived 5 months. The small clusters of nucleated elements are chiefly normoblasts. (Reduced 
from X 550.) 

Fio. -1. — .\ sternal biopsy performed on this patient early in the course of the disease disclosed a 
fatty marrow. At autopsy 10 months later marrow spaces of all bones c.x.amincd showed this extensive 
secondnr>’ mx’olofibrosis. llcmosidcrin-laden histiocx'tes are conspicuous in the fibrillar mat. (Reduced 
from X 550.) 
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the late erythroblastic and normoblastic raggedly in the acute cases, neatly in 
stages. The few granulocytes were gener- those of longer standing (Figs. 2 and 3). 
ally stab or segmented forms, although One man A\dio lived for 10 months and 
occasionally small foci of myelocytes or received 65 blood transfusions had exten- 
even younger elements were encountered, sive secondary fibrosis of the marrow 
Megakaryoc^des were either absent or cavity of all bones examined (Fig. 4). 
very sparsely distributed and when pres- There was an influx of lymphocytes and 
ent often showed evidence of degeneration. plasmoc 3 des (Figs. 5 to 8), slight in some 
The marrow spaces were replaced by fat, cases and conspicuous in others, the Ij’^m- 



ITn. /. .V typiral i.tcniat iispir.atc from n patient ill G months showinp almost complete depletion 
of the marrow. Most of the cells are IjTnphocytes (L), with a intorspersion of histiocytes (H) and a 
plasmocyte (/’). Hematopoietic elements are represented by the single normobhast (A'). The histio- 
cyte.s each contain a faded erythrocyte. (Rediic^ from X COO.) 

I'iG.S. Detail of one of the rcsidu.al coll cluster.*- in the marrow of a patient who survived for 2 months 
.‘Sample cells are indicated as: L. lymphocytes; P, plasmocytes; H, histioevtes; G, granulocytes (a 
tnyelocyte and a metamyelocyte); E. erythroblasts (above and below the letter); X, normoblasts 
(Reduced from X SOO.) 




218 CUSTER, APLASTIC ANEMIA IN SOLDIERS TREATED WITH ATABRINE (QUINACEIKE) 

phocytes frequently aggregating to form histiocytes attained such proportions that 
pseudofollicles (Fig. 5). Histiocytic pro- at first glance the fundamental hypoplas- 
liferation was usually very pronounced in tic state was not apparent (Fig. 6). For 
patients who survived for several months example, in 1 such instance the appear- 
and received many transfusions; most of ance of the bone marrow was interpreted 
the cells contained hemosiderin and eryth- as evidence of aleukemic lymphatic len- 
rocyte fragments. Sometimes this com- kemia by the iaboratorj' officer who suh- 
bination of lymphocytes, plasmocj'tes, and mitted the case. 



Fig. 9 Sternal aspiration disclosing a markedly hypoplastic marrow on the 17th day of lUness. 
The 2 degenerated megakaryocytes shown in the upper right were the only ones observed in the smcare. 
The aspirate contained considerable quantities of fat and serous fluid vihich blurred the preparations to 
some degree. (Reduced from X 300.) 

Fig. 10.— Aspirated marrow from the same case on the 72nd day showing a strong regcneratn-e 
activity, particularly of the granulocyte series. The clinical state of the patient was correspondingly 
better and there was promise of complete recoveiy. (Reduced from X 300.) 
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Bone marrow findings during life are the urinary tract was an almost invariable 
described in later paragraphs dealing with finding (Fig. 14). 

sternal biopsies. Infection was not so prominent as one 

Apart from the marrow changes, hemor- would expect in the presence of constant 
rhage, involving the skin, mucous and and profound neutropenia, probably be- 
serous membranes, and viscera to varying cause penicillin had been used freely in 
degrees, was the conspicuous feature in most cases. There was evidence of bac- 
virtually the entire series. Cerebral teremia in only 6, bronchopneumonia in 8, 
hemorrhage was the immediate cause of and urinary tract infection in 1. 



Fio. 11.— The Inryiix of a patient who died of asplij'xia, tlio airway having been completely occluded. 
.Vpposition of the true vocal cords resulted from extensive submucosal liemorrhago. 

ITg. 12. — Punctate and difTuso bleeding in the stomach of a patient w-lio died soon after a series 
of ga-stro-intestinnl hemorrhages. The colon presented a similar appearance with the addition of super- 
ficial sloughs 

death in 10 cases (Fig. 13), occlusive Liver lesions were observed in 10 cases 
laryngeal hemorrhage in 1 (Fig. 11). and (Chart 4), in 5 being indistinguishable from 
ma.‘:.<?ivc gastro-intestinal hemorrhage in epidemic hepatitis as described by Lucke.' 
2 othem (Fig. 12). Submucosal hemor- Active periportal hepatitis was seen in 
rhage in the colon was occasionally fol- 3 cases, focal intralobular hepatitis in 1, 
lowed by surface sloughs simulating those and central phlebitis in another. The 
in acute ulcerative colitis. Bleeding along liver lesions were probably incidental. 
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particularly those resembling epidemic 
hepatitis which was mdespread in the 
areas from which the cases were sent. 


The atabrinc dermatitis complex which 
preceded the anemia in 25 cases (Chart 4) 
is described in detail in a separate report 



Fig. 13. — Basal hemorrhage originating at an undetermined site in the cerebrum, filling the lateral 
and third ventricles with blood, rupturing the septum pellucidum, and breaking tlirough info the sub- 
arachnoid space. 

Fig. 14. — Hemorrhage in the renal pelvis e'^tending along the ureter resulted in extensive hematuria, 
a frequent finding in the series. 
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from this Institute by Mullins and Allen, For example, hemiplegia, con\mlsions, and 
so that these pathologic changes will not coma were noted in patients with intra- 
be discussed here. cranial bleeding, or hematuria and some- 

Tissuc atabrine values, available in only times flank pain with urinary tract hemor- 
1 case, were reported as follows: rhage. Four patients were still living at 



Atabrine 

Atabrine 

degradation 

products 

Site 

(mg./kilo) 

(mg./kilo) 

Liver 

...... 16 8 

1.7 

Spleen .... 

16.2 

0 

Kidney .... 

6.6 

0 

Skin, normal, chest 

..... 66 

0 

Skin, normal, thigh 

.... 12.9 

0 

Skin, Lesion A . 

5 9 

0 

Skin, Lesion B . 

7 1 

0 


Bone marrow: 3.5 gamma atabrine extracted from 20 gm. of rib; no degradation products. (This 
corresponds to 0 175 mg./kilo and is probably not a valid figure.) 

This patient took 0.2 gm. of atabrine the time of the last report, 1 having sur- 
daily for 10 days beginning May 30, 1944, vived 2 months, a second 4 months, and 
followed by 0.1 gm. daily until Feb. 28, the other two 7 months. 

1945, 24 days prior to death. Hematologic Findings. Rather com- 

Clinical Manifestations. The most plete series of blood counts were submitted 
common complaint of the -prodromal period in most cases, and the diagnosis of aplastic 
was weakness, often associated with head- anemia was confirmed by sternal biopsy 
ache, vertigo and dyspnea. A hemor- in 25. 

rhagic tendency was frequently noted In 4 cases blood counts were performed 
early, evidenced by bleeding gums after very soon after the onset and showed that 
brushing teeth, nosebleed, “bruising the red cell level was fairly well maintained 
easily,” or the spontaneous appearance of (4,000,000 to 5,000,000 per c.mm.), where- 
ecchymoses in the skin. Dimness of vision as the leukocyte and platelet counts had 
noted first by 2 of the patients was found fallen sharply, the lowest being 1500 and 
to be due to intraocular hemorrhage. 40,000 per c.mm. respectively. This is to 
In the majority of cases the onset was be e.xpected when one recalls the relati\'ely 
gradual, several weeks to a month or even long life of the mature erythrocj’tes (aver- 
more elapsing before the men reported to age CO days as opposed to 3 to 5 days for 
sick call. The prodrome was of brief neutrophils and platelets), and that most 
duration in 0 cases and the onset prccipi- of the residual cells found in the bone 
tons in 3 in which an acute febrile state marrow at autopsy are their progenitors, 
was the first indication of illness. The other patients wore already anemic 

The early manifestations of aplastic when first e.\'amined and initial erythrocyte 
anemia were often unnoticed in the group counts as low as 600,000 per c.mm. were 
of 25 patients who were being treated for recorded, although the average range was 
skin lesions until individuals among them 1,500,000 to 3,000,000 per c.mm. The 
were observed to be rather pallid and a anemia was generally of the normocytic, 
blood count disclosed a reduction in the normochromic type; in some cases it seem- 
formed elements of the blood. In no cd to be hyperchromic, but this is ques- 
instance did the anemia precede the tionable since it was reported only where 
dermatitis. anemia was severe, i. c., in the range where 

The coarse was almost invariably mark- licmoglobin readings are apt to be very 
cd by fever and hemorrhagic phenomena, inaccurate. Furthermore, no hematocrit 
the location and extent of the hemorrhages values were available in these cases to 
accounting for dificrenccs in symptoms, check for macrocytosis. Nucleated red 
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cells almost never appeared in the periph- 
eral blood. Reticulocyte counts over 1% 
were rarely recorded and they -were fre- 
quently reported as either less than 0.1 % 
or “none found.” Anisocytosis and poi- 
kilocytosis were seldom marked except in 
the few cases shondng evidence of regen- 
eration. It was possible with frequently 
repeated blood transfusions to restore the 
erythrocyte and hemoglobin levels to nor- 
mal or nearly so in 1C cases and to effect 
an improvement in nearly all. A few pa- 
tients became progressively more anemic 
despite transfusions and the majority did 
not maintain their bettered status. 

The initial leukocyte count was seldom 
over 3000 per c.mm. and usually fell be- 
tween 1000 and 3000, being normal (7200) 
in only 1 case. Values below 1000 per 
c.mm. were noted in 5 instances. The 
counts fluctuated somewhat, and occa- 
sionally rose following transfusions, but 
the general trend was toward lower levels 
as the disease progressed, vdth little ten- 
dency to increase significantly even during 
clinical remissions. The leukopenia was 
due primarily to failure of the bone mar- 
row to produce granulocj-tes, but when 
the total count was greatly reduced the 
relative lymphocytosis was actually a 
lymphopenia. This was also the case with 
respect to the monocytes. Absolute agran- 
ulocytosis was frequently recorded, but a 
general scan of the blood films usually 
disclosed a few neutrophils, most of them 
segmented. Immature granulocytes were 
occasionally seen earlj’- in the course, but 
rarely thereafter. 

Blood platelet counts were significantly 
low in all but 4 of the 49 cases in which 
they were done. In 3 of these exceptions 
only 1 platelet count was made and that 
early in the course of the disease; in the 
fourth 2 counts were recorded as 263,000 
and 154,000 per c.mm. Autopsy disclosed 
extensive visceral hemorrhages in every 
one of these cases, however, and the mar- 
rows were devoid of megakaryocytes, indi- 
cating that subsequent platelet levels must 
have been much reduced. In general the 
counts ranged between zero and 100,000 


per c.mm., most below 50,000 at some 
time during the disease. 

The coagulation time was little altered, 
but clot retraction was slow or absent. 
Bleeding time was sometimes normal even 
though the tourniquet test was positive; 
in other cases the bleeding time was pro- 
longed, the lancet prick oozing for several 
days in 1 instance. 

Aspirates of the sternal bone marrow 
were studied in 23 cases and fragments of 
the bone in 2, the latter showing the char- 
acteristics already described. Fat was 
conspicuous in many of the slides prepared 
from the aspirated material and the nucle- 
ated cell count ranged between 5000 and 
10,000 per c.mm. in the few instances in 
w’hich it was recorded. As one would 
anticipate, the differential bone marrow 
cell counts varied considerably with the 
technique employed and the degree of 
dilution vith peripheral blood. Sample 
counts are showm (in percentages) in the 
followdng tabulation. Cases A and B ter- 
minated fatally. In Case C there was 
promise of recovery, both clinically and 
from the change in character of the suc- 
cessive marrow biopsies; C (Fig. 9) was 
taken after 17 daj's of illness, C' (Fig. 10) 
after 72 days. 

The count in Case A and the first count 
in Case C would imply either nearly com- 
plete aplasia of the marrow or extensi^e 
dilution with peripheral blood. The pres- 
ence of considerable fat in the smears, 
however, in addition to plasmocj’tes an 
hemosiderin-laden histiocytes, signifies 
that thej'' are representative specimens o 
the marrow. The second count in Case C 
shows spontaneous regeneration after the 
patient had been tided over the aplastic 
phase with 22 blood transfusions. The 
marrow aspiration in Case B was per- 
formed during the early retrogressi\e 
period of the disease and the count reflects 
some residual hematopoietic activity; the 
autopsy 1 month later disclosed virtuallj 
complete aplasia apart from a few tmy 
foci of normoblasts. These few but repre- 
sentative examples indicate that biopsy o 
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the sternal bone marrow is usually of 
diagnostic and prognostic significance. 

Discussion. During a period for which 
records are reasonably complete (1943 and 
1944), nearly 2| times as many cases of 
aplastic anemia occurred among troops 
stationed in the South and Southwest 
Pacific Areas and the Asiatic Tlieater 
combined as in the entire Army elsewhere, 
even though the troop strength in these 
regions varied from one-twenty-fifth to 
one-seventh that of the larger group 
(Chart 1). Expressed as cases per 100,000, 
this disproportionate incidence is even 
more striking and it shows a rapid and 
steadily progressive increase with each 
succeeding \ year period (Chart 2) up to 
the first half of 1945, the returns from 


action. This regime differs radically from 
that employed in the Mediterranean 
Theater where the usual dose was 0.3 gm. 
per week and the supervision sometimes 
desultory; furthermore, suppressive medi- 
cation was omitted entirely during the 
winter. 

Thus, apart from geographic location, 
the single common factor unique to troops 
in the tropical Pacific and Asiatic Theaters 
was the protracted use of atabrine. Were 
it possible to eliminate from consideration 
the men stationed in non-malarious or 
sanitated zones within these theaters the 
incidence of aplastic anemia mong those 
actually taking atabrine would be still 
higher. Even if the few patients who also 
receive sulfonamides were excluded, the 



Case A 

Case B 

Case C 

CaseC 

Myeloblasts .... 
Neutrophil; 

... 0 

2 

0 

3.5 

Myelocytes A 

. 0 

4 S 

0 

15 

Myelocytes B 

0 

7 5 

0 

10 

Myelocytes C 

0 

5 

2 5 

7 

Stab forms . 

0 

5 

1 

12 

Segmented forms 

4 

4 

2 

8 

Eosinophils 

1 

0 

0 

0 

Proerythroblasts . 

0 

9 

0 

0 

Erythroblasts . 

1 

18 5 

1 

10 

Normoblasts 

3 

7 5 

1 

12 

Megakaryocytes . 

1 

0 

0 5 

0 6 

Lymphocj'tes . 

81 

30 5 

80 

11 

Plasmocytcs 

. . 5 

3 

4 

2 

Monocytes . . . . 

. . 1 

1 

3 

1 

Histiocytes . 

. . 3 

2 5 

6 

2 


which are incomplete. In contrast, the 
incidence of aplastic anemia in the Army 
exclusive of these particular areas remains 
remarkably constant. 

In the malarious areas of the Paeifie 
and Asiatic Theaters 0.1 gm. of atabrine 
was given G or 7 times a week continuously 
and for at least 4 weeks after redeploy- 
ment to non-infected zones. Directives 
called for the drug to be administered by 
roster to both officers and men, with a 
competent non-commissioned officer to 
witness the actual swallowing of the tab- 
lets. .Although there undoubtedly was a 
certain amount of laxity in the earlier 
months, the value of suppressive treat- 
ment became so apparent that failure to 
comjdy became a matter for disciplinary 


incidence curve would remain significantly 
high. It has been suggested that the sur- 
reptitious use of sulfonamides as a vener- 
eal prophylactic might have been respon- 
sible for some cases, but this practice was 
unquestionably more prevalent in the 
European and Alediterranean Theaters 
than in the Pacific Islands. 

It has been fairly well established that 
the so-called New Guinea lichen planus is 
caused by atabrine and the condition has 
recently been designated “atabrine der- 
matitis comple.x.” It may be of some sig- 
nificance that in 25 of the 57 cases these 
skin lesions preceded the development of 
the anemia. Therapeutic agents directed 
toward the dermatitis were not recognized 
as likely to produce aplastic anemia e.\-cept 
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TEMPORAL ARTERITIS AND LOSS OP VISION 
By Henry P. Wagener, M.D. 

ROCHESTER, MINNESOTA 

When Horton, Magath and Bfoyto^ studies of Gilmour,® of Sproul,^® of Chas- 
first described the syndrome of temporal noff and Vorzimer,- and of Cooke and his 
arteritis in 1932, they regarded it as an associates® have demonstrated that " arter- 
essentially localized or isolated arterial itis of the temporal vessels is probably a 
lesion, though recognizing that the sys- local manifestation of a systemic arterial 
temic manifestations were disproportion- disease which cannot be regarded as non- 
ate to the local arterial lesions. In a fatal.” 

further report in 1937, Horton and Perhaps the first clinical evidence that 
Magath® emphasized that the subjectiim the arterial disease in this syndrome Yvas 
symptoms, the clinical findings and the not confined to the temporal vessels Yvas 
histologic changes in excised portions of furnished in 1938 by the occurrence of 
the temporal arteries were so typical and bilateral blindness due to closure of the 
so essentially identical in all cases as to central arteries of the retinas in a case of 
constitute a new, or at least previously temporal arteritis observed by Jennings 
undescribed clinical entity. Cases de- and Comb.® Horton and jMagath® stated 
scribed subsequently by other authors in 1937 that evidence of phlebitis of one 
confirmed the actuality of this entity but of the retinal veins with hemorrhages and 
showed also that the inY'olvement of exudates had been observed in 2 of their 
artcric.s might be more generalized than cases. It seemed difficult to connect this 
was suspected originally. In fact, in 1943, in any direct way with the arteritis of the 
Horton'® stated: “^^e always have sus- temporal vessels. HoYvever, the report of 
peeled that the arteritis in tliis condition Jennings and Comb® was followed by 
was more extensive than could be de- reports of similar cases by Dick and Frce- 
tected on careful physical examination, man,'* by Scott and •\faxwell'® and by 
Recent observations confirm this impres- Johnson, Harley and Horton.'® Thus it 
Sion.” A recent editorial® recognizes tern- became evident that loss of vision was not 
poral arteritis as a new dise.ase entity, a chance accompaniment hut a definite 
It calls attention to the fact that the part of the simdrome of temporal arter- 

vou 212. NO. 2— .YCGUPT, 194G S 
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itis. It appears that inv'olvement of \'ision 
is to be expected in about one-third of 
patients who have arteritis of the tem- 
poral vessels. Johnson, Harley and Hor- 
ton*® suggested the possibility of a direct 
extension of the lesion from the temporal 
arteries into the arteries of the optic 
nerves. They stated: “ The anterior deep 
temporal arteries have an anastomosis 
vdth the lacrimal branch of the ophthal- 
mic artery. The ophthalmic artery gives 
off the central retinal arterj% which sends 
an anterior and posterior branch to the 
optic nerve. It would be conceivable that 
the inflammatory process in this case had 
traveled in this direction.” In view of 
the demonstration of lesions in arteries in 
various parts of the bodj’^ in this syndrome, 
demonstration of such direct extension of 
the process would not seem to be neces- 
sarj"^ to explain the involvement of the 
central artery of the retina. 

As stated by Cooke and his associates,® 
“There e.xists in elderly people a wide- 
spread arterial disease, not uncommon, 
but rarely recognized, in which charac- 
teristic arterial and striking local signs 
occur, and in which inflammatory and 
degenerative changes in the walls of the 
affected arteries produce a characteristic 
histologic picture.” These authors state 
that 37 cases have been reported, in 18 
of which there was some ^dsuaI disorder. 
The patients varied in age between 55 
and SO; 25 were among women and 12 
were men. Some involvement of the 
extra-ocular muscles has been reported in 
8 cases. The loss of vision may occur 
suddenly or may progress slowly over a 
period of several weeks. The 2 eyes may 
be involved simultaneous^’’ or a consider- 
able interval of time may elapse between 
involvement of the first and second eyes. 
At times, only 1 eye is involved; but in 
most cases both are affected. The \'isual 
defects may vary from mistiness of ^^sio^ 
and different patterns of field defects to 
complete blindness. These authors state 
that, although there is usually some per- 
manent impairment of Hsion, some cases 
■with even moderately severe loss for as 


long as 5 days may make a fairly good 
recovery. “The disease process must 
affect the arterial supply of the optic and 
and oculomotor nerves and, the retina in 
varying degree, sometimes with complete 
tlwombosis of the affected vessels and at 
other times cutting do-nm the blood sup- 
ply by temporary swelling of the vessel 
wall and later allowing eventual restora- 
tion of function, proHding the degree of 
ischemia has not been too great.” This 
would seem to be a logical explanation 
for the great variance in the subjective 
loss of vision and in the objective findings 
in the ocular fundi in the reported cases. 
However, in my experience, there has been 
little tendency’’ to recovery of lost ’idsion 
in patients with this disease. As noted 
by Johnson, Harley and Horton,*® treat- 
ment vdth vasodilator drugs has proved 
to be actually harmful rather than helpful. 

Cooke and his associates® have presented 
the only histopathologic studies to date of 
the central retinal arteries in a case of 
temporal arteritis. At the time of death, 
neither eye had light perception. The 
optic disks showed pallor and “primary 
atrophy.” At necropsy', the “ optic nerves 
showed marked softening.” Sections of 
the central arteries of the retinas showed 
diffuse inflammatory changes spreading 
from the adventitia through the media. 
The lumina were obliterated by cellular 
fibrous tissue formed apparently during 
organization of a tlmombus. The adven- 
titia and media were infiltrated by lyni- 
phocytes and plasma cells and the internal 
elastic lamina was fragmented and calci- 
fied. A few giant cells were phagocytosing 
these fragments. The changes could be 
traced forward into the branches of the 
arteries. 

In many' of the reported cases, descrip- 
tions of the lesions in the ocular fun i 
have been rather vague and difficult to 
classify'. This is not due entirely to poor 
or incomplete observation and recording, 
as a striking feature of the disease is fe 
fact that the loss of vision in an indim’do® 
case may' be quite out of proportion to t ic 
msible changes in the optic disk or retina- 
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It is possible for sudden complete blind- 
ness to occur Nvitbout visible lesions in 
the fundus, as in 1 eye of a patient ob- 
served by Johnson, Harley and HortonJ® 
Such a case must be classified probably as 
a retrobulbar neuritis due to ischemia or 
anoxemia. On the basis of reported find- 
ings and of my observations in several un- 
reported cases, it would seem logical to 
classify the lesions seen by ophthalmo- 
scopic examination of patients with tem- 
poral arteritis into 3 groups: closures 
(thromboses) of the central artery of the 
retina or of brancli arterioles, ischemic 
optic neuritis, and indeterminate. In the 
last group are included cases in which the 
findings are too vague to classify but are 
probably associated directly with the 
arteritis of the temporal vessels and also 
cases in which the changes observed in the 
retina may be purely incidental. Perhaps 
the most frecjuent findings is that of 
ischemic optic neuritis. This would seem 
to fit in logicallj' with the presumed course 
of the disease process. 

Three cases would seem to fall with fair 
definiteness into the group of arterial 
closures. In the case reported by Jennings 
and Comb,® there was complete obstruc- 
tion of the central retinal artery of the 
left eye and "progressive obliteration of 
the right central retinal artery with special 
narrowing of its upper branches.” In 
Case 1 of Johnson, Harley and Horton,’® 
there wore several ischemic areas along 
the superior temporal vessels of the right 
retina and occlusion of the upper branches 
of the left central artery and vein with 
fragmentation of the blood stream and 
ischemic edema at the upper pole of the 
optic disk. Cooke and his .associates® 
state that in their Case 1 there was a 
“vascular block” in the left eye. The 
ophthalmoscopic description is rather 
atypical, however, since it w.as stated tliat 
the disk was blurred and pale, the arteries 
of normal size, the veins engorged and 
compre.^sed, and there w.as a patch of 
exudate above the macula. 

Seven casc.s would seem to fall into tlse 
group of iscV.cmic optic neuritis. In Dick 


and Freeman V Case 1, the optic disk 
was twice normal in size and was slightly 
edematous with a small hemorrhage on 
its surface. In Johnson, Harley and 
Horton’s’® Case 2, the right fundus was 
essentially normal. The left optic disk 
was mildly edematous and slightly pale, 
an area of whitish exudate extended out 
about 1 disk diameter from the temporal 
margin of the disk, and several small 
hemorrhages were present in the superior 
nasal retina. In their Case 3, the right 
optic disk was pale and slightly edematous 
nasally and there was an area of localized 
edema of the retina between the disk and 
the macula; the left optic disk was edema- 
tous and was rather pale in its lower 
temporal quadrant. In the case reported 
by Shannon and Solomon,’'’ ophthalmo- 
scopic examination revealed edema of 
the disks and retinas, threadlike arteries, 
engorged \-eins and some minute hemor- 
rhages. Three of the cases reported by 
Cooke and his associates® seem to fall into 
this group. In their Case 2, in the right 
eye the disk was edematous and pale, the 
arteries were contracted, and there were 
in the retina 1 hemorrhage and couple of 
areas of edema or exudate; in the left eye, 
the disk Avas edem.atous and p.ale. In their 
Case 3, both optic disks were edematous 
.and pale, the arteries were normal. In 
their Case 6, the right optic disk was 
swollen and the left normal; later both 
optic dislvs were pale and atrophic. 

Nine cases must be placed in the inde- 
terminate group; 4 of these would seem 
to be associated definitely with the syn- 
drome of temporal arteries. In the case 
reported by Scott and IMaxwell,'® at the 
first observation, the optic disks were nor- 
mal and the retinal vessels were essen- 
tially normal. Two months later, the 
right iris was atrophic and lens opacities 
prevented a view of the fundus; numerous 
small patches of exudate were present in 
the left peripapillary retina. No explana- 
tion was given for the loss of vision in 
Dick and Freeman’s’ C.a.se 2 or in the cxise 
reported to Horton by R. A. Johnson, 
Cooke and his as.'^ociates® state with refer- 
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ence to their Case 5 that, in the right eye, 
the optic disk -n-as normal, the arteries 
were small but showed little sclerosis, and 
there were some “ whitish subretinal hem- 
orrhages” in the macular region; in the 
left eye, the optic disk was pale and 
atrophic with distinct edges, the arteries 
were very small and the veins large, the 
macular retina showed some edema. 

In the 5 remaining cases in the indeter- 
minate group, the evidence of direct con- 
nection with the temporal arteritis is not 
convincing. Attention has been called 
pre\nously to the 2 cases of retinal phleb- 
itis noted by Horton and Magath.® In 
Bain’s^ case, there was said to be severe 
photophobia and bilateral peripapillary 
atrophy. In Case 7 of Cooke and his 
associates,® the optic disks were normal 
and the retinal vessels were generally nar- 
rowed with slight arteriosclerosis. Post 
and Sanders'® reported their ophthalmo- 
scopic observations in a woman, aged 66, 
who had been seen 6 years before, suffer- 
ing from typical arteritis of the temporal 
vessels, by MacDonald and jMoser." At 
this time, the ocular fundi were normal. 
^^Tien the patient was seen by Post and 
Sanders,'® there was no visual complaint. 
The optic disks were normal. The arter- 
ies were markedly sclerosed and irregular 
in caliber. In the right retina, there were 
several areas of periarterial sheathing with 
apparent fusiform thickening of the wall 
through which the blood column could 


not be seen. Below and nasal to the 
macula were 3 confluent areas of silverr 
exudate about 1 disk diameter in e.xtent. 

The increasing number of recent case 
reports would suggest that the entity of 
temporal arteries is of more frequent oc- 
currence than had been supposed pren- 
ously. It is possible that through more 
general recognition of this sjmdrome an 
explanation of sudden complete or partial 
loss of \dsion in certain elderly individuals 
might be found in othemdse une.xplained 
cases. Suspicion of the possible presence 
of arteritis of the temporal vessels should 
be entertained especially when the pa- 
tient’s history^ of the mode of onset of the 
visual loss suggests a possible closure of 
the central artery of the retina but the 
ophthalmoscopically wsible lesions are 
aty'pical. WTien the loss of \dsion occurs 
during the phase of active involvement 
of the temporal arteries associated uith 
severe headache and cordlike swelling and 
tenderness of the arteries and the com- 
plaint of pain or fatigue on cherving, the 
presence of the sjmdrome is rather readllj' 
recognized. At times, however, involve- 
ment of the eyes does not occur until se\- 
eral months after the subsidence of the 
acute phase of temporal artery inflamma- 
tion. In such instances, a careful taking 
of the history is necessary to elicit the 
salient points which vdll permit of surmh al 
at the correct diagnosis. 
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PITUITARY-DIABETES 

By F. D. W. Lukens 

PHILADELPHIA, PENNSYLVANIA 

(From tlie George S. Cox Medical Research Institute, Universits' of Pennsylvania) 


Pituitary diabetes is the diabetes 
wliich persists after a short course of 
anterior pituitary extract. It has been 
divided into the temporary phase in which 
the hyperglycemia and glycosuria caused 
by the extract disappear if the extract is 
discontinued, and the permanent phase 
which continues after a more prolonged 
course of extract. The extracts originally 
used by Johns, O’Mulvenny, Potts and 
Laughton,-"^ Houssay,‘^“ and otliers to pro- 
duce temporary diabetes and by Evans, 
Meyer, Simpson and Reichert,^^ and 
Young®"'* to make dogs permanently dia- 
betic were crude saline extracts of the 
anterior lobe of beef pituitaries. Since 
these early studies, many investigations 
have added to our understanding of this 
form of diabetes. The recent monograph 
by Soskin and Levine'*^ contains a valu- 
able summary of pituitary-diabetes. 

Today the 3 aspects of pituitary-dia- 
betes which appear to deserve particular 
consideration are: (/I) the identification 
of the hormones concerned with the meta- 
bolic activity of the pituitary; (B) the 
physiologic mechanism by which pituitary 
extracts, crude or refined, initiate the 
phenomena of diabetes; (0) the patho- 
genesis of the permanent phase of diabetes 
with its obvious lesions of the islands of 
Langerhans must be related to the preced- 
ing functional effects of the pituitary 
extract. The various aspects of pituitary- 
diabetes have been so well reviewed that 
it is only necessary to survey the present 
state of affairs. 

.•V. Pituitary IIormoxes. Fracnkel- 
Conrat’® recently reviewed the chemistry 
of the pituitary hormones, and Jensen^ 
has kept the subject up-to-date. By 
means of the ultra-centrifuge, electropho- 


resis and other modern methods of protein 
chemistry, 5 major hormones of the ante- 
rior pituitary have been obtained in pure 
form. The sixth, growth hormone, has 
been tested in a state where only 2 proteins 
are present. Although a single protein 
with growdh activity has recently been 
isolated by Li, Evans and Simpsqp,®" its 
metabolic effects have not been deter- 
mined. The thyrotrophic, lactogenic and 
2 gonadotrophic hormones have been ob- 
tained as single proteins. In this state 
they manifest their respective activities 
with practically no overlapping of other 
pituitary functions. As a result, it is 
possible to e.\'clude them from any major 
part in the diabetogenic activity of the 
pituitary. The exclusion of these purified 
hormones is in accord with Young’s®'* 
conclusion that the gonadotrophic and 
thyrotrophic substances were not diabeto- 
genic per sc in the dog. This means that 
the growth and adrenotrophic liormones 
are the elements largely responsible for 
the metabolic effects under discussion. 
They liave been isolated so recently that 
extensive studies are not yet available, but 
Table 1 outlines the present knowledge of 
their action on metabolism. 

The promotion of growth by growth 
hormone and its inhibition by adreno- 
trophic hormone (Table 1) have been 
measured by their effects on gain in weight 
and on epiphyseal proliferation in hypo- 
physectomized rats,^®-®® and the authors 
have pointed out the antagonism between 
these pituitary fractions. 

Tlie lowering of the respiratory quotient 
by growth hormone has been reported by 
Greaves, Freiberg and Johns"” and Fraen- 
kel-Conrat.'® No direct studies of adreno- 
trophic liormone on the R.Q. have been 
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made but Greaves et al. noted that a 
fraction potent in lowering the R.Q. had 
no trophic action on the adrenals. Further 
indirect evidence is derived from the study 
of adrenal cortical extract and its meta- 
bolically active steroids. Long, Katzin 
and Fry®- found that the adrenal hor- 
mones depressed the R.Q. of glucose fed 
rats. Thorn et al.^^ observed this in pa- 
tients with Addison’s disease. RusselO-” 
compared the effects of crude pituitary 
extract and adrenal cortical extract. She 
found that although both depressed the 
R.Q. thej’- were quite distinct in their 
action on gljrcogen. Cortical hormone 
increased liver gl3’^cogen but did not 
directly affect muscle glj’-cogen, whereas 
APE maintained muscle glycogen and did 
so independentlj’- of the adrenal cortex. 


therefore, listed as doubtful. Altbougii 
both growth and adrenotrophic fractions 
may lower the R.Q. the evidence indicates 
that they do so in different ways, and 
this probable common effect does not 
prevent one from distinguishing their 
physiologic identity. 

The ketogenic actirity of crude pitu- 
itary e.xtracts observed by Burn and Ling’ 
has since then become closely associated 
with the growth activity. This was stud- 
ied by Greaves d alP who also noted the 
close correlation bet^ft’cen the lowering of 
the R.Q. and ketogenic actirity. The 
fact that the purified growth hormone, 
described herein, contains 2 substances” 
and the findings of Shiplej',^’ and Shipley 
and Sej'mouri^ that growth and ketogenic 
activity are due to 2 separate principles 


Table 1.— Compakison or the Metabolic Effects of Fvrified Growth asd 
Adrekotrophic Horjiohes 


Growth 

1. Promotes growth 

2. Lowers R.Q. 

3. Ketogenic 

4. Nitrogen retained 

5. Lowers blood amino acids 

6. B.TJ.N. and N.P.N. unchanged 

7. Liver arginase unchanged 

8. Maintains muscle glycogen (short experi- 

ments) 

9. Lowers pancreatic insulin 

10. Slightly increases glycosuria of depan. rats 


Adrenotrophic 

1. Inhibits growth 

2. Effect on R.Q. doubtful 

3. Not ketogenic (inferred) 

4. Nitrogen unchanged or lost 

5. Amino acids unchanged 

6. Increases B.TJ.N. and N.P.N. 

7. Increases liver arginase 

8. Maintains muscle glycogen (long experi- 

ments) 

9. Increases pancreatic insulin 

10. Markedly increases gij'eosuria of depan. r.afs 


The suggestion that these substances differ 
in their mode of action has been supported 
by Bennett and Perkins,^ and by Russell’s 
subsequent work.^* Here, likewise, the 
glucose requirement of eviscerated hypo- 
phj’sectomized rats which is greater than 
normal was reduced by both pituitary and 
adrenal hormones, but the concomitant 
changes in glycogen led to the conclusion 
that the pituitary and adrenal hormones 
affect carbohydrate metabolism by differ- 
ent means.''^ She noted that the R.Q. 
was depressed only' in rats fed large 
amounts of glucose. One should add that 
the steroids surriring extraction or those 
given in pure form maj’ not be just the 
same as the secretion induced by^ tlie 
adrenotrophic hormone. The effect of 
adrenotrophic hormone on the R.Q. is. 


of similar molecular size, should pave the 
waj^ for further identification. No stvidie 
on the ketogenic action of the most puri- 
fied growth preparations are at hand. 

The ketogenic effect of pure adreno- 
trophic hormone is also unreported. The 
assumption that it is not ketogenic 
(Table 1) is based on the finding o 
Shipley and Fry,'*^ that adrenal corticc 
compounds do not stimulate ketosis. 

The well-known ability of 
extract to promote nitrogen retention 
been identified particularly ^dtli t 
growth hormone by Marx, jMagVi Simp 
son and Evans.^’ They did not use pun 
fied adrenotrophic hormone but adrena 
cortical extract had no such effect, n 
other investigations, summarized by Long. 
Katzin and Fry,^ nitrogen excretion 
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increased by the adrenal cortex and the 
contrast expressed in Table 1 seems to be 
a logical assumption. The different effects 
of these pituitary principles on nitrogen 
metabolism receives further support from 
the study of their aetion on the nitrogen- 
ous elements of the blood. Fraenkel-Con- 
rat, Fraenkel-Conrat and Evans^'^ reported 
the changes listed in Items 5 and 6 of 
Table 1, using the purified pituitary 
fractions. In addition, Fraenkel-Conrat, 
Simpson and Evans^® distinguished these 
principles by their action on liver arginase. 

The relationship of the pure principles 
to muscle glj^cogen has been measured by 
Herring and Evans.** Although both 
maintain muscle glycogen, they do so 
under different conditions. These results 
supplement the studies of Russell'’^" 
already cited and all investigations are 
in agreement with the concept that the 
growth and adrenotrophic effects influ- 
ence carboh 5 ^drate metabolism by differ- 
ent mechanisms. 

The effect of pituitary hormones on the 
insulin content of the pancreas has been 
measured by Fraenkel-Conrat, Herring, 
Simpson and Evans.^®" *' This effect may 
well be secondary to the alteration of the 
metabolic constituents because it is com- 
parable to the changes induced by diet.® 

Finally, the influence of growth hor- 
mone on the glycosuria of partially de- 
pancrcatized rats has been recorded by 
Marx, Anderson, Fong and Evans.®® They 
found that there was a definitely increas- 
ed glycosuria in 5 of 13 rats tested, the 
other animals having only slight changes. 
Compared to this slight response the 
powerful glycosuric action of adrenal corti- 
cal compounds®' and the glycosuric action 
of crude adrenotrophic preparations pro- 
vides, in the Reviewer’s opinion, a con- 
trast between these hormones. 

Summarizing this section, the tentative 
conclusion is that Avhon purified hormones 
arc used there is a good physiologic dis- 
tinction between the 2 fractions which 
are responsible for juost, if not all, of the 
diabetogenic activity of the whole gland. 
The extent to which 1 of these principles 


is diabetogenic cannot be determined until 
larger quantities of the pure hormones 
are available for use in dogs. The absence 
of hypergljmemia from the activities listed 
in Table 1 is noteworthy". This action of 
pure growth hormone is not recorded, but 
Long, ICatzin and Fry®® reported an in- 
crease in blood sugar from 114 to 154 mg. 
per 100 cc. w"hen rats fed glucose were 
treated with cortical extract. Still more 
striking was Ingle’s®®" demonstration that 
11 dehydro - 17 - hydro.xycorticosterone 
caused severe hyperglycemia and glyco- 
suria in normal, fed rats. More recently 
Ingle, Winter, Li and Evans®®® have pro- 
duced glycosuria in normal rats by pure 
adrenotrophic hormone. At present one 
can only admit that all diabetogenic activ- 
ity lias not yet been identified Avith a 
single hormone, although the means of 
doing so appear to be at hand. 

There is no quantitative assay for dia- 
betogenic activity and possible differences 
in the methods used must be kept in mind. 
Thus, a rat deprived of 95% of its pan- 
creas may be so sensitive that an increase 
in glycosuria may result from small doses 
of growth or adrenotrophic hormones, and 
from %vhat has been said these results 
might be due to either underutilization 
or overproduction of carbohydrate. Such 
sensitive animals are suitable preparations 
with which to eliminate the clearly inac- 
tive fractions. On the other hand, a 
much more potent hormone is needed to 
produce diabetes in the normal dog and 
there is no evidence that any pure hor- 
mone will do this. In addition, the 
numerous functions which may share in 
the diabetogenic effect demand multiple 
assay methods. In Table 1, Items 2, 3 
and 10 are diabetogenic properties of the 
growth hormone and most of the effects 
of adrenotrophic principle are appropriate 
to a diabetogenic hormone. Therefore, 
several of the present methods of assay 
will be required to elucidate the role of 
the pituitary principles concerned vdth 
metabolism. 

B. Dubetogexic Mechanisms. Pendr 
ing further investigation of purified e.x- 
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dominate when the animal is fed; the 
action of the anterior pituitary is essential 
during fasting. 

The last 3 lines of Table 2 show that 
muscle glycogen is lowered when one or 
both hormones are removed. After hypo- 
physectomy muscle gljmogen falls rapidly 
during fasting although the fed hypo- 
physectomized animal maintains its mus- 
cle glycogen fairly well.^^'^'^ The fall in 
muscle glycogen in depancreatized ani- 
mals is slight/®’®^® as is the case in the 
more variable glycogen levels of the Hous- 
say animal. 

The list of other effects (Table 2) could 
be amplified but the brief data given 
show the variety of adjustments in the 
metabolism of protein, fat and carbohy- 
drate which crude pituitary extract may 
make, largely due to the intervention of 
the liver. The -}- and — signs indicate 
tendencies to increase or decrease which 
may be more or less apparent according 
to the experimental conditions. Glycogen 
levels depend on the availability of glu- 
cose as well as on the action of the hor- 
mones. The ingestion of glucose, the 
mobilization of glucose from endogenous 
sources and, in the absence of insulin, the 
high level of blood sugar are recognized 
factors in the formation of muscle glyco- 
gen which in the table has been related 
only to hormones. In this connection the 
low glycogen levels of the phlorhizinized 
animal^^ in which both hormones are 
present, and the lower glycogen in fasted 
hypophysectomized animals-than in Hous- 
say animals with hyperglycemia, are ex- 
amples of the role played by the blood 
sugar level in the maintenance of muscle 
glycogen. 

The last column of Table 2 attempts a 
schematic explanation of the changes in 
muscle glycogen under the various condi- 
tions. In the normal animal, an increased 
muscle glycogen is a common effect of 
insulin and of anterior pituitary extract. 
At the same time, as indicated under 
other effects, blood sugar, liver glycogen, 
gluconeogcnesis and ketogenesis are influ- 
enced in an opposite manner by these 


hormones. Under these circumstances the 
Reviewer assumed, quite arbitrarily, that 
the hormones might act on or in the 
muscle cells. In this tissue, glycogen 
storage would logically result from a posi- 
tive or favorable balance between the 
supply and utilization of glucose within 
the cell. This concept permits an expla- 
nation of the effects of insulin and the 
anterior pituitary on muscle glycogen 
under the conditions outlined. One may 
cite the overworked analogy of the reser- 
voir and suppose that insulin opens the 
inlet and that pituitary extract acts to 
close the outflow. (In such a scheme the 
liver would be an emergency reservoir 
just up stream.) The possible combina- 
tions maintaining a high level in the 
“muscle reservoir” have been expressed 
by arrows and or — signs. Plus signs 
indicate an acceleration, minus signs a 
retardation of the reactions indicated by 
the headings. It is necessary to recall the 
danger of such simple analogies and to 
remember that the transfer of glucose to 
and from the cell may result from the 
passage of glucose from the capillaries, or 
through the cell wall, or its utilization in 
any of the numerous chemical reactions 
concerned with the storage or oxidation 
of glucose in the cell. Finally, the pri- 
mary assumption that these hormones act 
on the tissues will be questioned by those 
wlio regard changes in glycogen as auto- 
matic responses to the availability of 
glucose which is provided and regulated 
by the liver via the blood. The fact that 
insulin and pituitarj'- extract appear to 
act quite differently on the phenomena 
mediated by the liver suggests that their 
action on the muscles is peripheral. This 
does not deny the importance of a supply 
of glucose in these reactions as has been 
mentioned. 

The preliminary report of Price, Cori 
and Colovdck”*® on the action of anterior 
pituitary e.xtract and insulin in vitro fore- 
casts a new understanding of this whole 
subject. They studied the reaction ; glu- 
cose -f adenosine triphosphate — > glucose- 
6-phosphate adenosine diphosphate 
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which is catalyzed by hexoMnase. They 
found that this reaction is inhibited by 
an anterior pituitary extract containing 
growth and ketogenic acthuty.-® Insulin 
releases hexokinase from the inhibition of 
the anterior pituitary although insulin by 
itself has not been observed to alter hexo- 
kinase activity. Because the formation 
of glucose-6-phosphate is a reaction com- 
mon to the oxidation of glucose and to 
the formation of glycogen these results 
support the physiologic estimation that 
pituitary extract inhibits glucose oxidation. 
The location of the pituitary extract rcrsws 
insulin antagonism at a single chemical 
reaction would seem to nullifj’’ the “ex- 
planation” in the last column of Table 2. 
Nevertheless, the common action of insulin 
and the anterior pituitary on glycogen levels 
in the intact animal, indicated in Table 2, 
appear to require for their explanation 
more than is now known of the hexokinase 
reaction. In like manner the insulin sen- 
sitiinty of the hypophysectomized animal 
is not accounted for by an action of 
insulin exerted only in the presence of 
the anterior pituitary. It is too early to 
evaluate fully the significance of these 
important observations. 

Summarizing this section, emphasis 
has been placed upon the effect of the 
anterior pituitary in a hormonal system 
rather than its isolated action. The pos- 
sible influence of hormones on the tissues, 
rather than their action on supply depots 
and the liver, has been assumed. Although 
this outline requires correction and en- 
largement it has been offered as an intro- 
duction to the conditions under which 
pituitary extract produces diabetes. 

It is now agreed that the anterior pitu- 
itary is a factor in maintaining the organ- 
ism during fasting. For this purpose it 
achieves a fairly definite quality and quan- 
tity of the metabolic mixture. Tlie ad- 
ministration of pituitary extract to fasted 
animals adds but little to the effect of 
starvation and does not produce diabe- 
tes.^ However, it accelerates the adjust- 
ment to fasting so that the impaired sugar 
tolerance which results in 2 to 3 weeks of 


fasting is accomplished in 2 to 3 days by 
pituitary extract, and it prevents the 
usual readjustment made by the fasting 
animal when carbohydrate is fed. Dohan 
and Lukens (unpublished) have given pitu- 
itary extract to fasting animals which 
were partially^ depancreatized and in only 
1 or 2 noth very small pancreatic rem- 
nants was a slight glycosuria produced. 
In the fed animal, either intact dog or 
partially depancreatized cat, these ex- 
tracts readily produced diabetes. Under 
these circumstances it seems that large 
doses of pituitary extract may fix or set 
the metabolism in the pattern needed for 
fasting. '’iMien such a low carbohydrate 
regime is made .“rigid” by extract, most 
of the carbohydrate food ingested is in 
excess of the amount which can be utilized, 
so that hjq)erglycemia and glycosuria re- 
sult. In the early stage of extract treat- 
ment and lacking knowledge of the ani- 
mals’ endogenous metabolism, the factor 
of overproduction seems to be attributable 
to food intake rather than to the quantity 
mobilized by the pituitary from body 
depots. 

Dohan, Fish and Lukens” have observ- 
ed the nitrogen retention of cnide pitu- 
itary extracts prior to the development of 


severe glycosuria. From these experi- 
ments, the data in Table 3 are presented 
to show that nitrogen retention occurs in 
the first 3 days of pituitary treatment 
when hyperglycemia develops, but before 
the islands are xdsibly injured. This ac- 
tion of diabetogenic extracts on nitrogen 
metabolism has also been shown in rats 
by Cuthbertson, Webster and 4ounf. 
According to Lee and Schaffer,-’ and Lee 
the gain in weight during APE is due to 
nitrogen and water retention and the Ixx .' 
fat remains constant or diminishes some- 
what. Although protein food is part o 
the diabetogenic rdgime, the retention o 
nitrogen suggests that overproduction o 
glucose from protein is not unrestnet 
and probably is not the sole factor ac- 
counting for glycosuria. The prevention 
of hyperglycemia by an isocaloric hig* 
fat diet suggests that fat is not a source 
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of glucose under these conditions. It is, 
therefore, the reviewer’s opinion that pitu- 
itary extract (growth, ketogenic or both) 
suppresses carbohydrate oxidation and 
tliat tliis action is one essential of its 
diabetogenic effect. The other essential 
is food from which glucose is produced at 
a rate for which the adrenotrophic hor- 
mone is apparently necessary. 

At present, the studies with pure pitu- 
itary hormones and those with crude 
extracts are in fair agreement. They all 
indicate that the diabetes produced by 
crude anterior pituitary extracts is the 
result of an inhibition of the utilization 
of carbohydrate and of its simultaneous 
mobilization from food plus endogenous 
sources. The conclusion that 2 principles 
— the growth and adrenotrophic hor- 
mones — are neeessarj’^ to diabetogenic ac- 
tion remains valid until more knowledge 
of the pure hormones is available. 


persisted from 4 to 6 weeks in the dog, 
the island lesions which began as hydropic 
degeneration progressed to atrophy. On 
the other hand, partial pancreatectomy 
unaccompanied by diabetes was not harm- 
ful to the islands. The relationship be- 
tween pancreatic deficiency and diabetes, 
and the association of diabetes and injury 
of the islands of Langerhans was recog- 
nized before the discovery of insulin. 

In like manner, diabetes has been pro- 
duced by anterior pituitary extract only 
when sustained hyperglycemia has been 
effected. The following observations illus- 
trate this point. Some species, such as 
the mouse, rat and guinea pig, are quite 
insensitive and do not respond to pituitary 
extract with hyperglycemia and glyco- 
suria. These animals do not develop 
lesions of the islands. Moreover, in those 
species which are susceptible there are 
individual animals which become refrac- 


Table 3.— CuANGns in WEicnT and Nitrogen E.xcretion at O.vset op Pituitarv- diabetes 


Control— 3 dny periods 


APE— First 3 dnys 


Gain or Averapc urine 

Initial loss in Avcrase Gain in 


Dor 

weight 

nciglit 

urine N 

Nitrogen 

Glucose 

weight 

No. 

(hg.) 

(1<K.) 

(gm./day) ’ 

(gm./dny) 

(gm./day) 

(kg.) 

P-IC . . 

. . 8 35 

■f 0 15 

15 67 

11. .53 

2.7 

0 40 

P-19 . 

5 85 

-0 20 

14 90 

9 80 

3.7 

0 35 

P-22 . 

8 SO 

-0 10 

13 30 

9 40 

IS 8 

0 25 

P-14 . . 

10 45 

+0 SO 

23.60 

IS 10 

1 1 

0 85 

P-13 . 

16 SO 

-1 10 

6 03 

7 GO 

0 

-0 46 


Tlic diets v.nried but for each animal the diet was the same in the control and extract periods. Dog 
P-13 was fasted for both periods. 


This leads to the next question : What 
is the mechanism by which the lesions of 
the islands and the permanent phase of 
diabetes is produced? 

C, The Pathogenesis of the Per- 
manent Phase of Pituitary-diabetes. 
Long before the era of pituitary-diabetes 
it had been ascertained that partial pan- 
createctomy, if sufficiently extensive, was 
accompanied by diabetes. Begun by 
jMinkow.ski and culminating in the work 
of F. !M. Allen, these investigations 
showed that partial pancreatectomy did 
not cause lesions of the islands of Langer- 
hans exccjit wlien hyperglycemia had 
been jircsent. If this type of diabetes 


tory to pituitary extract. After the h 5 ’per- 
gli'cemia caused at first by the extract 
has subsided, these refractory animals 
show no island lesions even though the 
administration of extract is continued. A 
third point, already mentioned is that 
pituitary extract is ineffective in fasted, 
fat-fed, or insulin-treated animals.-^ In 
all of these conditions which prevent the 
development of hypergl\-cemia there is no 
damage to the pancreatic islands. 

The prevention of diabetes in the 
presence of an effective diabetogenic pro- 
cedure deserves further comment. Allen'“ 
showed that “partial pancreatectomy to 
the extent sufficient for severe diabetes is 
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followed by no hydropic degeneration 
when the diabetes is thoroughly controlled 
by diet.” Bell, Best and Haist^ have 
shown that the content of insulin per gram 
remained normal in pancreatic remnants 
when diabetes was absent but that it was 
reduced in similar remnants of diabetic 
animals. Lukens and Dohan®^ have con- 
firmed the prevention of pituitary-dia- 
betes-^ by the use of isocaloric combina- 
tions of meat and fat in partially depan- 
creatized cats. This is recalled not only 
in connection with the role of hypergly- 
cemia in pathogenesis, but to emphasize 
the need for protein or carbohydrate food 
in conjunction with pituitary extract, if 
hyperglycemia is to be maintained. Fi- 
nally, the occurrence of island damage by 
pituitary extract has been avoided by the 


too small to maintain normal metabolism. 
Their only animal nith atrophy of the 
islands failed to improve under insulin 
treatment. 

In dogs the characteristic lesion of the 
islands of Langerhans in the permanent 
phase of pituitary-diabetes is atrophy.”'*' 
This is so because it takes 4 to 6 veeks 
of injection to establish permanent dia- 
betes and, as Allen’® showed, the early 
hydropic degeneration is followed by 
atrophy within this period. Lukens and 
Dohan®* used partially depancreatized 
cats without spontaneous diabetes in 
studying pituitary-diabetes. As in the 
dog, permanent diabetes could be pro- 
duced by 4 to 6 weeks of extract treat- 
ment. Unlike the dog, hydropic degen- 
eration of the beta cells lasted for the 


Table 4. — Pitvitabt-mabetes in the Cat 
Treatment Begun Within S Months 

Effects of therapy 


During treatment After treatment 


No, 

expts. 

2 

Therapeutic 

measure 

200 gm. beef reduced 
to 100 gm. daily 

Blood 

sugar 

Glucose 

retained 

Decreased ' 

Island 

structure 

Island 

function 

Eecovered 

9 

Insulta 

Becomes' j 
normal 1 

1 Increased | 

Largely 

restored 

Recovered 

1 

S 

Adrenalectomy 
Phlorbizin ^ 

j 

Increased 1 
[ Unchanged J 


Improved? 

[ Recovered 


Glucose 

relaiord 


Incrc.tswJ 


simultaneous administration of phlorhi- 
zin.®® Pblorhizin given at the same time 
as pituitary extract abolished the hyper- 
glycemia, although glycosuria and keto- 
nuria persisted. Biopsies showed normal 
islands w-hen the blood sugar was normal 
and marked hydropic degeneration after 
the period of h%T>erglycemia. 

Ha%dng mentioned the factors involved 
in the production and prevention of experi- 
mental injury to the islands the parallel 
studies on the recovery of island damage 
may be reviewed. Soon after the dis- 
covery of insulin, Copp and Barclay,® and 
Bowie® observed morphologic recovery of 
hydropic islands in partially depancrcatiz- 
ed dogs treated with insulin. In spite of 
the restoration of the islands, recovery of 
the animals was impossible because the 
pancreatic remnants bad been originally 


first 3 months of glycosuria. After 3 
montiis of diabetes, atrophy of the islands 
ensued as in the dog. Thus, tlie cat pro- 
vided a preparation having a stable dia- 
betes with a reversible type of lesion for 
I to 2 months after the cessation of pit”' 
itary e.xtract. Within the first 3 months 
of tiie disease cats with pituitary-diabetcc 
have been treated, and the island.s restor- 
ed, by the 4 procedures which lahle 
outlines. The anatomic repair of the 
islands and the functional recovery of the 
animals have iieen reported®®®'®''^ 
cussed. In addition, the wliolc siiiijeet o 
the pathology of experhncntnl 
has been fully reviewed by Duff-’’ 
anatomic recovery following dietary 
insulin treatment is quite in lino 
the earlier ob.servation.s in partial pan 
createctoiny. However, as our anitna- 
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were not diabetic prior to pituitary treat- 
ment tlie restoration of their originally 
adequate insular tissue was accompanied 
by physiologic recovery from the diabetes. 
Recovery after insulin therapy was achiev- 
ed in animals with severe diabetes in which 
90% of the available glucose of the diet 
was excreted in the urine. Recovery by 
means of reduction in diet was only pos- 
sible when the diabetes was mild and 
could be controlled by diet. Phlorhizin 
was effective in severe diabetes and de- 
serves some comment. 


zin impairs the reabsorption of glucose by 
the kidney; insulin has no such action. 
Phlorhizin increases protein catabolism as 
measured by nitrogen excretion; it in- 
creases ketogenesis and decreases the 
amount of food assimilated, at least by 
mildly diabetic animals. In diabetes, 
insulin has the opposite effect on these 
processes. The less certain results of 
phlorhizin in decreasing carbohydrate 
oxidation and lowering glycogen stores are 
probably secondary to the loss of glucose. 
They differ from the conspicuous and 



Fig. 1. — Average meat ingested and glucose excreted in 4 types of treatment of early pituitary-dia- 
betes. The daily averages were calculated from 0 day periods before treatment and after treatment 
had been established. The scales have been so arranged that grams of urinary glucose also represent 
the available pluco.''e of the diet (D:N = 3.05). Thus, the height of the columns, above the hatched 
area indicating urinary glucose, shows the "glucose retained.” The subsequent recovery of the islands 
has boon described (te.xt). 


Allen**' and others have demonstrated 
the ability of phlorhizin to lower the blood 
sugar level in diabetes. A comparison of 
the actions of jihlorhizin and insulin has 
been madc*'^ which may be summarized 
as follows. Each drug lowers the diabetic 
blood sugar and each one brings about 
recovery of the islands when the lesions 
are reversible. Except for these 2 similar- 
ities the coin]tarison reveals only contrasts 
between insulin and phlorhizin. Phlorhi- 


probably primary action of insulin on the 
oxidation and storage of glucose. Admit- 
ting the controversial elements which per- 
vade such a summary, the contrast be- 
tween phlorhizin and insulin, e.xcept for 
their effect on the diabetic blood sugar 
levels adds further cWdence that the 
normal level of blood glucose is respon- 
sible for the recovery of the islands of 
Langerhans. 

Returning to another aspect of the 4 
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conform to it. (a) Hydropic degeneration 
does not occur in the diabetic rat and 
more species should be studied before we 
finally interpret the results which appear 
so clear in the cat and dog. {h) Mild dia- 
betes may persist for long periods in ani- 
mals and man without rapid progression 
in the severity of the disease. This stabil- 
ity of mild diabetes is in contrast to the 
severe glycosuria with a similar hyper- 
glycemia produced by pituitary treat- 
ment. (However, in mild diabetes the 
early island lesions progress to irreversi- 
bility as was noted.) (c) Two case reports, 
1 by Sprague, Priestley and Dockerty,^® 
and 1 by Duncan, Semans and Howard,^ 
compel a cautious attitude toward the 
role of hyperglycemia. In both cases 
diabetes mellitus of 3 years duration was 
followed by complete recovery after the 
removal of adrenal tumors. By compari- 
son with the animal experiments, these 
patients ought to have had irreversible 
damage of the islands. 

After weighing the pros and cons the 
bulk of the evidence seems to favor the 
hypothesis that the level of blood glucose 
is a factor of importance in the patho- 
genesis of diabetes. It may well be that 
hyperglycemia has to be associated with 
some other factor to produce island 
damage. If this be so, present knowledge 
suggests that hyperglycemia may help us 
to trace the unknown elements in patho- 
genesis much as the chemist uses a 
labelled atom to trace substances in the 
body. 


Summary. According to studies done 
so far, no single purified pituitary hor- 
mone contains all the diabetogenic proper- 
ties. Growth hormone is ketogenic and 
by the present limited criteria inhibits 
the utilization of carbohydrate. The 
adrenotrophic hormone mobilizes protein 
and carbohj'^drate and so is necessary for 
the phenomena of overproduction observ- 
ed in diabetes. On theoretical grounds, 
maximum diabetogenic activity would 
result from a combination of these hor- 
mones, and this seems to be the case 
when crude extracts are employed. The 
mechanism of action of crude pituitary 
extracts is still poorly understood. How- 
ever, this action includes evidence of the 
suppression of carbohydrate utilization 
and of overproduction under certain con- 
ditions. The effects of crude extract on 
glycogen storage, protein metabolism and 
fat metabolism compose a picture not 
incompatible with the gross observation 
that protein or carbohydrate food is neces- 
sary for the greatest diabetogenic effect. 
The suggestion has been made that the 
degree of glucose production and utiliza- 
tion needed by the fasting animal is so 
established or “fixed” by pituitary ex- 
tract that carbohydrate or protein food 
cannot be metabolized in the normal 
manner and hence leads to hyperglycemia. 

If this hyperglycemia is sustained long 
enough, at least in the dog and cat, the 
islands of Langerhans undergo a sequence 
of structural changes resulting in irrever- 
sible damage and permanent diabetes. 
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ORGANIZING HEMOTHORAX— A CLINICAL ENTITY 
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1. Introduction. The significance of 
organizing hemothorax has only recently 
been recognized and the methods of diag- 
nosis and treatment are largely develop- 
ments of the recently terminated World 
War II. That the condition not infre- 
quently existed unrecognized prior to this 
time can scarcely be doubted. Personal 
communications from both military and 
civilian pathologists and others who have 
had occasion to deal with traumatic disa- 
bilities of the chest confirm the fact that 
the condition was not uncommon, but its 
nature and clinical significance was en- 
tirely missed or imperfectlj’’ understood. 
Seen at operation or autopsy in the years 
prior to its elucidation, organizing hemo- 
thorax was usually misdiagnosed as organ- 
izing empyema or simple pleural thicken- 
ing and so treated and summarily dis- 
missed. The reason for this oversight lies 
in part with the frequently repeated state- 
ment in surgical texts that blood in the 
pleural cawty clots but rarely, and there- 
fore the basic factor in the development 
of organizing hemothorax, that is, the 
presence of clot in the pleural cavity as 
the underlying pathologic cause of the 
condition received little attention. With 
the high incidence of penetrating wounds 
of the thorax in World War II, however, 
together with the material advances in 
the technique concerned with thoracic 
surgery, the existence of the condition as 
a more or less definite clinical entity was 
established and methods for its diagnosis 
and treatment progressively developed. 


Much concerning this disability remains 
to be clarified, but, as previously stated, 
the basic principles in its recognition and 
therapy have alreadj^ been more or less 
established. To be convinced of the rela- 
tive newmess of the subject, it is only 
necessary to search the surgical literature 
for data concerning it. Such material is 
extremely scanty and that now available 
is largely derived from personal communi- 
cations. The literature concerned with 
the condition will doubtless continue to 
grow from both ci\’ilian and military 
sources because of its importance in the 
special field of thoracic surgerjL 

There can be little doubt that the con- 
dition of organizing hemothorax is of 
considerable import clinically. Its recog- 
nition and successful treatment in World 
War II has resulted in the restoration to 
full active military or ciwlian life hundreds 
of indixdduals who would otherwise have 
remained permanently incapacitated, or 
at best in a state of restricted actiwty. 
To what extent this lesion contributed to 
the number of those with permanent pul- 
monary disability during and after World 
War I is a matter of conjecture, since 
statistics dealing with the same are not 
available, but the probability is that it 
was not a negligible factor. 

2. Definition. Organizing hemothorax 
may be defined as a condition usually 
produced by trauma to the thoracic cavity 
or its contents in which there exists within 
the pleural space a 'clot formed by the 
resultant hemorrhage which subsequently 
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undergoes progressive organization by the 
ingrowth of fibrous connective tissue from 
the adjacent pleural structures. 

3. Incidence. Organizing hemothorax 
can occur at any age, but since it is practi- 
callj’' always produced by trauma to the 
thorax or its contents, its incidence is far 
greater in the age groups at which trauma 
is the most common or during the period 
of greatest physical activity. It is there- 
fore most common between the ages of 
20 and 40. In ciA'ilian as well as military 
life its incidence is far greater in males 
than in females, and it is far more prone 
to occur in individuals in the lower strata 
of societ}', since strife leading to \dolence 
is far more frequent in lower social scales. 

The highest recorded number of cases 
occurred in the period 1943-45 during the 
interval of active warfare in the European 
Theater, particularly during the Italian 
campaign. That period corresponded to 
the time during which the heaviest fight- 
ing occurred and in which the greatest 
number of casualties were sustained. This 
was to be expected as the cause of organiz- 
ing hemothorax is, as pre\'iously pointed 
out, traumatic in practically all instances. 
Complete statistics concerning the specific 
wounds of this warfare are not as yet 
available, but a reasonable estimate of the 
incidence of cases of penetrating wounds 
invoh-ing the chest which sur^^ved to 
receive definite treatment compared to the 
total of all treated wounds is in the region 
of 1 to 2%. Of these, practically all 
showed a greater or less degree of hemo- 
thorax; and of the hemothorax cases be- 
tween 25 and 40% showed the criteria 
for establishing a diagnosis of organizing 
hemothorax. This is in marked contrast 
to the incidence of the lesion following 
hemothorax incurred by thoracic injuries 
in civilian life. The incidence of hemo- 
thorax following trauma in civilians is far 
less. Unfortunately such figures have not 
as yet been accurately formiilated from 
e.xisting data; but it is the opinion of the 
author as well as others who have fre- 
quently to deal with thoracic trauma that, 
in civilian practice, organizing hemothorax 


occurs in considerably less than 3% of 
hemothorax cases. The reason for this, 
as will be noted later, lies in the difference 
in the ordinary types of wounds encoun- 
tered in military and civilian activity. 

4. Pathogenesis and Pathologic Physi- 
ology. It has just been stated that 
organizing hemothorax is practioally 
always secondary to some well-recognized 
form of chest trauma which produces 
hemorrhage into the pleural cavity. Usu- 
ally the trauma is sei^ere, such as pene- 
trating wounds made by sharp instru- 
ments or missiles, and crushing injuries 
to the chest wall. In practically all in- 
stances there is damage of some extent 
to the contained lung. The essential 
feature, however produced, is an intra- 
pleural hemorrhage arising either from 
the vessels of the thoracic wall mediasti- 
num, or from the traumatized pulmonary 
parenchyma. The extravasated blood in 
the pleural cavity gravitates to the most 
dependent portion of the pleura and sub- 
sequently undergoes partial or complete 
clotting, forming a more or less solid jell.r- 
like mass which compresses the adjacent 
lung tissues against the chest wall or 
mediastinum. Any degree of compression 
of the lung may occur. The entire lung 
may be involved and thus rendered 
atelectatic and airless, but more iisiialb 
the process is confined to one lobe, in nio»t 
instances the lower. The clot tiius fonnc( 
thereafter undergoes a process of invasion 
by connective tissue fibers from the sur- 
rounding pleural structures and ultimate!' 
forms a completely organized clot whici 
effectively and permanently impairs acti'- 
ity in the lung which it overlies. 1'“^ 
end-result, so far as the pulmonary func' 
tion is concerned, is a marked reduction 
in the amount of functioning lung tbsuc. 
The "vital capacity is reduced in direct 
proportion to the extent of piilmonar.' 
tissue involved which is in turn deter- 
mined by the extent of the clot, 
the lung in the affected area c.nnnni 
aerate, the pulmonary reserve, as im i 
cated i)y the \dtal capacity, is dimini'hc' . 
The diminution in the pulmonary rc.'cr'c 
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tion of the fibrin, and laking of the red 
blood cells. Still later, as organization 
progresses, there is proliferation of the 
fibrous connective tissue cells into the 
clot mass together -ndth ramification of 
the endothelium of the blood-vessels. 
Ultimately the connective tissue cells 
begin to show contracture of their proc- 
esses and the greater part of the mass 
assumes the appearance of solidly organ- 
ized connective tissue. If, as very fre- 
quently happens, the clot contains infec- 
tious material (bacteria or foreign bodies), 
the inflammatory reaction is greatly ac- 
centuated and the inflammatory'' products 


ral infections in cases of organizing hemo- 
thorax vary somewhat with the conditions 
under which the wound is inflicted, but in 
the main are fairly constant. S. auraii 
is the most frequently recovered, and 
next in order B. hemoljdic streptocoeeus 
and colon bacillus, hlixed infections are 
relatively frequent, depending, as stated 
previously, upon the conditions of inflic- 
tion and the type of the ■wound. 

Precisely what factors determine vhetli- 
er or not slot formation ■will occur in 
blood extravasated into the pleural ca\-it\ 
are not kno'wm. It is probable that the 
process is determined to a large extent b\ 



Fig. 2. — Case G A. Photomicrograph (97 X) showing section of organizing clot removed at operation 
Note ingToi\th of fibrin (left) by connective cells (right). 


greatly increased. It is probable that the 
process of organization of the clot is 
accelerated by' the presence of inflamma- 
tory agents and the amount of associated 
fibrosis is augmented. The amount of 
inflammatory process present will depend 
largely upon the character and number of 
bacterial agents producing it. 

Practically all penetrating wounds of the 
pleura are contaminated since the agents 
producing them are rarely' sterile or even 
surgically clean. However, infection re- 
sulting from such contamination occurs 
in considerably less than half the cases. 
The bacterial agents producing intrapleu- 


the presence of contaminating agents and 
the character of the wound. There is no 
doubt that intrapleural clotting occurs 
■w ith far greater frequency' in instances of 
thoracic trauma encountered incident to 
■warfare than in those observed in civilian 
life. In the former, the ■wounds are con- 
siderably' more extensive, involving as a 
rule larger areas of lung and chest wall, 
and gross contamination with pathogenic 
organisms and the presence of foreign 
bodies are much more frequent. Intra- 
thoracic wounds in civilian life arc usu- 
ally inflicted with relatively cleaner agents 
of penetration which, as a rule, involve 
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only small areas of pleura and pulmonary 
parenchyma. It is probable that exten- 
sive injuries of the lung parenchyma in- 
crease the probability of intrapleural clot- 
ting by the liberation of thromboplastic 
substance which the lung is known to 
contain in considerable quantity. The 
role of contaminating agents in the clotting 
process has been subject to much specula- 
tion, and in general the consensus of quali- 
fied opinion is that certain bacterial con- 
taminants predispose to premature clot- 
ting. Frequently mentioned in this con- 
nection is the most common contaminant 
isolated from cultures of intrapleural clot. 


and (2) localizing, resulting from com- 
pression of the affected lung. 

The constitutional manifestations of 
organizing hemothorax are indistinguish- 
able from those incident to pleural reac- 
tion from liquid blood or infection in 
the pleura and are in general those inci- 
dent to any inflammatory reaction. There 
is usually a moderate elevation of the 
temperature (99 ° to 101 ° F.) ^vith a pro- 
portional concomitant rise in the pulse 
rate and respiration. Leukocytosis of 
some degree is present and there is more 
often than not an associated anemia of the 
hypochromic microcytic variety. These 



A. B. C. 

Fia. 3. — Case G. A. A, Roentgen ray showing postcro-anterior view of chest on October 22, 8 days 
after injury. Aspiration at tliis time showed blood contained in pleura to be unclotted. B, Roentgen 
ray showing postcro-anterior ^^cw of chest on November 8, 23 days after injury. Repeated aspiration 
showed no lecovcry of fluid blood indicating that blood clotting had occurred. Note obscuration of 
entire lower left lobe. C, Roentgen ray showing postcro-anterior view of chest on November 17, 1st day 
postoperative (aspiration November IG, 31 days after injury). Note how decortication process per- 
formed at operation has allowed reexpansion of lower left lobe. 


S. aureus. It is not unlikely that the clot 
process is in the usual case materially 
hastened by both factors. Clotting may 
occur immediately succeeding the hemor- 
rhage or may be delayed until a consider- 
able period has elapsed. It is presumed 
that organization of the clot begins as soon 
as the clot has formed and proceeds until 
the process is more or less complete. 

5. Signs and Symptoms. From the fore- 
going it will be recognized that the signs 
and symptoms of organizing hemothorax 
can be generally classified into 2 groups; 
(1) constitutional, resulting from body 
response from reaction within the pleura; 


manifestations vary considerably’’ depend- 
ing upon whether or not there is an infec- 
tious process present in the affected 
pleura coincident with the clot. 

The localizing signs and symptoms are 
of considerably more significance. These 
arise in the main from pressure by the 
clot upon the lung and adjacent pleural 
structures, and vary in severity with the 
amount of involvement. Usually the 
chief complaint is that of dyspnea upon 
moderate effort, pain or a sense of oppres- 
sion in the affected side, and persistent 
cough. Examination reveals limitation of 
respiratory motion over the affected side 
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•v\4th mdening of the intercostal spaces 
when the contained clot is large and in 
the process of earlj' organization. Tactile 
fremitus is decreased and the apex beat 
is shifted away from the affected side. 
Loss of normal pulmonary resonance and 
diminished vocal fremitus are present. 

6, Diagnosis. The clinical signs are 
essentially those of fluid in the chest and 
except for the information available by 
Roentgen ray and aspiration, are indis- 
tinguishable from it. Usually chest films 
taken in the postero-anterior and lateral 
^^ews show a diffuse haziness over the 
whole or part of the affected side of the 
chest vnth collapse of the lung of varying 
degrees. Air is commonly present but not 


affected side. The diaphragm on the side 
of the lesion is in tlie later stages elevated 
above its normal position. Fluoroscopy 
will confirm a restriction of respiraton- 
movement in the chest wall and particu- 
larly in the diaplmagm. This restriction 
is due presumably to the pressure and 
tension produced by the progressive for- 
mation of adhesions as the clot begins to 
organize between the various pleura! 
structures, lung, thoracic wall and dia- 
phragm. Frequently loculi formed by 
organizing strands of fibrin and contain- 
ing fluid are noted, and when present are 
indicative that clotting has occurred. It 
is of particular importance in cases sus- 
pected of developing organizing hemo- 



Fia. 4 . — Roentgen ray shoiring postero-anterior and lateral riens of chest at the time of di-disrro 
from the hospital on Kovember 27 (11 days postoperative, 42 days after wounding). Xotc lung low 
lias remained e-vpanded and has progressive^’ cleared. 


invariably. The area of pulmonary col- 
lapse is frequently noted in the most 
dependent portion of the pleural cavity 
and affects the lower lobe. Early in the 
course of the lesion there may be, if suffi- 
cient fluid and air are present, widening 
of the intercostal spaces on the side of 
the lesion with a perceptible shift of the 
mediastinum to the side opposite. The 
fluid level, depending upon whether or 
not air is present, may or may not be 
sharply defined. rVs the process of organ- 
ization proceeds, the fluid level which was 
formerly quite sharply delineated tends to 
become diffuse and hazy, the interspace 
of the thoracic cage narrowed, and the 
mediastinum shifted back toward the 


thorax to have lateral as well as antero- 
posterior Roentgen ray' studies of the 
chest since exact localization and deter- 
mination of the extent of the lesion are 
impossible without them. Furthermore, 
it should he emphasized that repeater 
Roentgen ray studies arc essential to fo.- 
low the progress of the lesion as veil a-' 
any complicating features. These studies 
should he performed seri;dly and rarely 
more than a week apart, both before ara 
after surgical information. 

Possibly the most important .single fua?* 
nostic feature in establishing diagno'i^ o. 
the lesion is findings on aspiration. In geo- 
cral it can he stated that when Tep<''U| 
aspiration of a pleural cavity showing ( 'f- 
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cal signs and Roentgen ray evidence of 
a sizable collection of fluid shows nega- 
tive results, a presumptive diagnosis of 
organizing hemothorax should be made. 
In fact, when no fluid is recovered from a 
site in the pleura where fluid is diagnosed 
from the extant clinical and Roentgen ray 
findings, it must be presumed that the 
fluid blood has become clotted and the 
condition of organizing hemothorax ob- 
tains. Nor is it necessary that no fluid 
whatever be obtained on repeated aspira- 
tion to establish the diagnosis. Very fre- 
quently small quantities of fluid blood 
may be recovered, but the important con- 
sideration is that the amount of fluid 
blood recoverable is minimal in compari- 


find small macroscopic clots present in 
the fluid. This is good presumptive evi- 
dence that a more extensive intrapleural 
clot exists. The appearance of strands of 
fibrin in the aspirate is also considered of 
similar significance. 

In summary of the foregoing, it may 
be stated that the diagnosis of organizing 
hemothorax rests upon demonstration of 
the following features: 

1. The exdstence of a penetrating intra- 
pleural wound usually extensive in which 
a concomitant extravasation of blood 
would be expected. 

2. Clinical signs and Roentgen ray evi- 
dence indicating the presence of fluid in 
the pleural cavity. 




Fig. 6. — Case G. A. Roentgen r.ay showing postcro-anterior and lateral views of chest on Decem- 
ber 11 (3 weeks after discharge from hospital, 25 days postoperative, 69 days after wounding). Note 
that lung is practically normal in appearance. 


son to the amount which should be recov- 
erable by correctly performed aspiration 
in the absence of intrapleural clotting. It 
is seldom that the clotting process when 
it occurs in the pleura is entirely complete, 
rsually there cxi.st small loculi containing 
lakcd fluid blood which may be aspirated 
if the containing loculi are directly pene- 
trated by the needle. The fluid in most 
instances in hiked blood may be seropuru- 
lenl or frankly purulent in character when 
infection has occurred. It is obviously 
important to examine all aspirates bac- 
teriologically for the presence and charac- 
ter of infective organisms. It is not un- 
common, when small amounts of blood 
have been rean-ered during aspiration, to 


3. Failure to recover fluid blood upon 
repeated aspiration or recovery of only 
small amounts containing macroscopic 
clot. 

4. Signs and symptoms of lowered ntal 
capacity due to lung compression. 

5. The presence of pyogenic organisms 
in the pleural aspirate. 

6. Specific Roentgen ray changes pro- 
gressively revealed in serial films showing 
persistent shift of the mediastinal struc- 
tures, elevation of the diaphragm, and 
haziness of a previously well-defined fluid 
level. 

7. Considerations on Treatment. The 
treatment of organizing hemothorax may 
be classified into 2 general categories, 
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conservative or radical — the choice de- 
pending almost entirely upon the amount 
of anatomic and functional involvement. 
With minimal lesions in which only a 
small amount of lung parenchyma is 
concerned and the ^dtal capacity of the 
individual only slightly reduced, a con- 
servative regimen is ad\dsable. Where 
the amount of involvement is small, con- 
siderable improvement takes place, leav- 
ing as a rule only a moderate amount of 
pleural thickening and little ultimate im- 
pairment of the function. The most fre- 
quent complication in such instances is 
the occurrence of empyema which should 
be watched for, and in the event of its 
incidence, be drained in the usual man- 
ner. Results under conservative treat- 
ment in properly selected cases are almost 
uniformly good. 

It is in instances in which the lesion 
has involved a considerable amount of 
lung parenchyma vdth proportionate re- 
duction in \dtal capacity and respiratory 
function, that radical surgical treatment 
must be considered, for, if the condition 
is allowed to continue without interven- 
tion, permanent pulmonary disability re- 
sults proportional to the extent of the 
lesion. It has been arbitrarily stated by 
those whose experience in the treatment 
of organizing hemothorax has been con- 
siderable that, when the organizing clot 
has rendered functionless an estimated 
20 % or more of the functional lung tissue, 
radical surgical treatment should be insti- 
tuted. hlost of those obser\-ing the results 
in the treatment of a large number of 
cases are in general agreement with this 
concept. Once the decision to employ 
radical surgical treatment has been made, 
the time at which operation is to be car- 
ried out is a consideration of the greatest 
importance as will be apparent from the 
subsequent brief discussion concerning the 
technical procedure itself. 

It is not within the scope of this writing 
fully to outline detailed surgical technique. 
Tliere are, however, certain aspects of 
the operative procedure that bear such 
an intimate relation to the ultimate re- 


sults that they cannot be conscientioiislv 
omitted. Pre-operative preparation is 
particularly important. Not infrequently 
the patient has coincident injuries which 
must receive treatment. It is unwise to 
attempt the requisite surgery until such 
time as the patient’s general status is 
near the optimum point. Particular at- 
tention should be devoted to the elimina- 
tion of all extant nutritional problems am! 
infectious processes. The hemoglobin 
level should be approximately normal, 
and, if deficient, replenished by adequate 
transfusion. Immediately prior to opera- 
tion, a quantity of wdiole blood (2000 cc.) 
should be available for transfusion during 
operation and the postoperative period. 

8. Technique of Operation. The 
operative procedure itself consists in 
opening the pleural carity, under endo- 
tracheal anesthesia, through a thoracot- 
omy incision so placed that it ■mil ade- 
quately e.xpose the area involved by tiic 
organizing clot. The placement of this 
incision is preriously determined by care- 
ful study of antero-posterior and lateral 
films of the chest. Occasionally it is pos- 
sible to gain sufficient e.xposure by incision 
through the intercostal space but usually 
the removal of a rib is essential. Upon 
opening the pleura, particular care must 
be taken to avoid injury to any underlying 
lung which may be adherent to the chest 
wmll. '\\'hen the pleura is penetrated, the 
pocket, whose walls are formed of organiz- 
ing clot and whose content is compo-'cd 
in most instances of serosanguineotis or 
sanguinopurulent fluid and bits of fme- 
floating fibrin, is exposed. The content 
of the pocket is evacuated by suction an 
sponging, and its limits and the clianictcr 
of its wall examined. The wall is then 
incised at some point o%'er the underlying 
lung and bj’ blunt and sharp dissection 
the risceral pleura of the lung is idcntiuct . 
If this maneuver is properly carried out 
a plane of cleavage is established botviKn 
the riscoral pleura and the overlying 
fibrous wall of the organizing clot so t ist 
the letter, by careful di.sscction, can ^ 
entirely stripped from the lung whie i it 
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compresses. The procedure is progres- 
sively continued until the entire area of 
lung compressed and encompassed by the 
clot is freed and the restrieting wall of 
fibrous tissue removed. The lung is in- 
flated under positive pressure by the 
anesthetist to test its expansibility and 
air continence and the pleural cavity 
thoroughly lavaged with normal saline to 
remove residual blood. Drains are in- 
serted in the dependent portion of the 
pleural cavity and these are immediately 
connected to water seals. The chest is 
closed in the usual manner, if the procedure 
has been properly performed, the lung, 
which had been previously compressed, 
reexpands completely and remains so, and 
the individual thereby regains practically 
the entire amount of functional lung tissue. 

9. Special Features Concerning the 
Operative Treatment, Several features 
concerning the actual surgical procedure 
are noteworthy. It has already been 
stated that the time after injury at which 
operation is carried out is of considerable 
importance. This is based on the fact 
that once the clot is formed, it becomes 
progressively more organized by the in- 
growth of fibrous tissue from adjacent 
pleural structures. If operation is carried 
out too soon, that is, before there has 
been sufficient ingroAvth of fibrous tissue, 
the procedure of peeling or decorticating 
the lung is made technically extremely 
difficult, due to the fact that the clot is 
too friable and separates away from the 
visceral pleura in very small strips. If, 
on the other hand, the organizing process 
has been allowed to progress for too long 
a period, the overlying clot becomes too 
firmly adherent to the visceral pleura of 
the lung and separation causes injury to 
the visceral pleura and underlying hing, 
and is attended by far more hemorrhage. 
In cither case the establishment of a plane 
of cleavage between the clot and visceral 
pleura is extremely difficult and the de- 
cortication procedure rendered much more 
c'om])licated. The time at which decorti- 
cation should be i>erformed has been a 
nvattcr of much speculation. It has been 


more or less established empirically that 
the optimum time for operation in the 
usual case is somewhere between, the 3rd 
and 5th week after clotting has been 
sho%vn to have occurred. Under ordinary 
circumstances the decortication performed 
within this period will result in the estab- 
lishment of a satisfactory line of cleavage 
between the clot and the visceral pleura 
so that the technical process is not too 
difficult. Great care must be exercised to 
avoid injury to the \dtal structures con- 
tained in the mediastinum, particularly 
the great vessels. If the lung parenchyma 
is inadvertently penetrated as it frequently 
is during the procedure, the area of par- 
enchymal penetration should be closed at 
once with the fine silk suture. 

Before closing the ehest, the surgeon 
should see that the lung is entirely ex- 
panded and fills all of the pleural space. 
Lavage of residual hemorrhage incident to 
the peeling process is important and has 
been mentioned elsewhere. The estab- 
lishment of adequate drainage is impor- 
tant. This can usually be effectively 
accomplished by the proper placement of 
a fenestrated rubber tube of medium cali- 
ber in the posterior pleural gutter, and a 
secondary drainage tube consisting of a 
catheter placed through the anterior chest 
wall into the pleura. The fenestrated 
tube serves to remove accumulations of 
fluid while the catheter provides a conduit 
for any remaining air. In each case the 
tubes should be immediately connected 
with water seals to allow the lung to 
become functional as soon as possible. 
It is the general practice to remove the 
tubes when there is no longer any fluctua- 
tion noted in the water seals. 

10. Postoperative Complications. The 
patient must be carefully watched 
for postoperative complications. Empy- 
ema is a frequent complicating factor 
which if it appears is treated by drainage 
in the usual manner. Bronchopleural 
fistula may occur in which event subse- 
quent operation may be necessary for 
closure. By far the most frequent un- 
toward postoperative sequel in atelectasis 



250 


PROGRESS OF MEDICAL SCIENCE 


of the affected side and every effort 
should be made to forestall its appearance. 
This can, in most instances, be accom- 
plished by seeing that the drainage tubes 
are kept clear and by preventing accumu- 
lation of secretion in the bronchial tree. 
In the event that postoperative atelectasis 
does supervene, bronchoscopy and aspira- 
tion usually are necessary. In the major- 
ity of instances, however, the procedure 
of decortication in carefully selected cases 
of organizing hemothorax should yield 
uniformly’’ good results. 

11. Case Presentation. The following 
case of organizing hemothorax is pre- 
sented as shovdng the typical features 
with regard to diagnosis, radical surgical 
treatment and ultimate result. The ac- 
companying illustrations are taken from 
this case. 

G. A., a 19 year old negro male, was ad- 
mitted Oct. 22, 1945, to the Universitj’’ Surgi- 
cal Ser%'ice of the Detroit Receiving Hospital 
with a stab wound of the left chest. Exam- 
ination on admission showed that the wound- 
ing instrument, a knife, had penetrated the 
chest wall in the left scapular line at the 
level of the fourth interspace. Chest findings 
confirmed by Roentgen ray revealed the 
presence of a left hemothorax. Patient was 
put on observation and conservative treat- 
ment. Later, on the day of admission, he 
complained of dj’spnea and the left chest 
was aspirated of 650 cc. of blood with im- 
provement of sjTnptoms. On October 29, 
his chest was reaspirated and S50 cc. of 
laked blood recovered. On November 3, his 
temperature, pulse and respirations were ele- 
vated and reaspiration of the chest recovered 
350 cc. of bloody fluid. Cultures returned 


upon prerdously aspirated fluid showed the 
presence of a non-heniol}-tic streptococcii' 
and S. albus. The patient continued to nm 
a fever in spite of the administration oi 
penicillin in large doses. Roentgen ray 
studies showed the presence of fluid but none 
was recovered on 3 successive aspirations, 
A tentative diagnosis of organizing hemo- 
thorax invobung the left lower lobe was 
made and the patient prepared for surgery. 
The operation was performed on Novem- 
ber 16, 25 day's after being wounded. 

The pleural cavity' was approached through 
a standard thoracotomy incision by removal 
of the sixth rib. The entire left lower lobe 
was found to be tightly compressed against 
the mediastinum by' an extensive organizing 
clot whose walls were composed of ingrowini 
connective tissue and whose control portion 
contained laked blood and many light adhe- 
sions. The compressed lower lobe of the 
left lung was completely' decorticated, Ic.av- 
ing a practically normal risceral plcur.'i 
beneath. Subsequently the lung was ex- 
panded under positive pressure and filied 
the entire pleural carity. Drains were in- 
serted and the chest closed. The entire 
procedure lasted 2 hours and 45 minutes. 
The patient received a 500 cc. transfusion 
of whole blood during operation and left 
the operating room in good condition. 

The postoperative course was uneventful. 
The lung remained well expanded ns sbovn 
by' interval Roentgen rays. Drains were 
removed on the 4th postoperative d.ay. Tnc 
patient shortly' thereafter became ambula- 
tory and practically asymptomatic. Re un' 
discharged to the out-patient departmen 
on December 28. When last seen in the out- 
patient department, on Feb. 22, 
was asymptomatic and had resumed lii.s fu 
normal occupation.al activity. 
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The Aetonomic Nervous System. By 
Albert Kuntz, Ph.D., M.D: Third ed. 
Pp. 687; 91 illus, Philadelphia: Lea & 
Febiger, 1945. Price, 88.50. 

Of the relatively few books on the auto- 
nomic nervous system, this has long been 
regarded as the best. Research along this 
line has been progressing so rapidly that 
already manj'- views are changing. Never- 
theless, Dr. Kuntz has nicely reviewed the 
literature up to 1942 and has integrated the 
mass into a readable story. 

The general outline includes, first, general 
anatomic and physiologic considerations, 
second, a detailed re%'iew of the systems 
supplied by the autonomies and, third, the 
role of these nerves in the pathogenesis of 
various diseases. Lastly he reviews the 
surgical approaches and attempts an evalua- 
tion of their efficienejL 
The 100-page bibliography indicates the 
labor spent in preparing this volume. Be- 
cause of this list it is obvious that the book 
is a good reference text. J. C. 


The Extremities. By Daniel P. Quiring, 
Ph.D., Head of the Anatomy Di\nsion, 
Cleveland Clinic Foundation and Asso- 
ciate Professor of Biologj', Western Re- 
serve Univ.; Beatrice Boyle, Artist, 
Cleveland Clinic Foundation; Erna L. 
Broush, ]\I. a.. Anatomy Di\ision, Cleve- 
land Clinic Foundation ; and Bernardine 
Lufkin, A.B., former Secrefarv, Research 
Division, Cleveland Clinic Foundation. 
Pp. 117; 107 illus. Philadelphia: Lea & 
Febiger, 1945. Piice, 82.75. 

In order to simplify the relations of the 
muscles, nerves and arteries of the upper 
and lower extremities, the authors have 
depicted 101 muscles, each in a separate 
diagram. In each diagram, besides the 
origin and insertion of the muscle the chief 
arterial and nervous supplies are shown. 
On S2 of the muscles the motor points of the 
muscles as found in normal subjects arc 
presented. The plates of the separate mu.s- 
cles will be welcomed by medical studentsand 


will serve as a quick source of reference to 
all concerned with function and d 5 '^sfunction 
of the limbs. The position of the motor 
points should be especiallj’' useful to physical 
therapists. W. A. 


The Chemistry of Anesthesia. By John 
Adriani, M.D, Pp, 502; 45 illus. Spring- 
field: Thomas, 1946. Price, 87.00. 
Anesthesiology is coming of age as a 
medical specialty. This seasoning process 
has been accomplished in part by books 
concerned with various fundamental aspects 
of the field. There are volumes devoted to 
the physiolog}'- of anesthesia, and to the 
pharmacologj’- of anesthesia. Here now is 
the chemical approach to problems of 
anesthesia. 

Adriani has done a splendid job on the 
whole. There are lucid presentations of such 
important topics as carbon dioxide absorp- 
tion, the application of physical laws of 
gases to clinical anesthesia, explosion haz- 
ards, basic chemistrj’- of such substances as 
ethers, aldeh 5 '-des, estrus, etc. The book is 
divided into 3 large sections: inorganic 
chemistrj’-, organic chemistry and biochem- 
istry. In the latter 2 sections there is a 
good bit of pharmacologj’; but, as the 
author points out, this is inevitable. 

There is nothing new in the volume. It 
is merelj’ a compilation of information 
designed for the information of clinical 
anesthetists. As such it has an appeal 
limited primarilj’ to this group. For them, 
however, it can be unhesitatinglj' recom- 
mended. R, D. 


Pathology in Surgery. Bj’ Nathan 
Chandler Foot, A.B., M.D., Professor 
of Surgical Pathologj', Cornell Univ. Medi- 
cal Coll.; Surgical Pathologist, New York 
Hosp. Pp. 512; 368 illus. Philadelphia: 
Lippincott, 1945. Price, 810.00. 

“This book is intended as a guide to the 
surgical pathologj- of those disorders in 
which operations are carried out and organs 
or other specimens removed . . It 
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can serve as a text for a student course in 
surgical pathologj’^ or as a handbook for 
those training in patholog}\ There are few 
good textbooks in this special field and a 
new one is a welcome addition. ’ 

The book begins ■with a discussion of the 
methods used in surgical patholog}', fol- 
lowed by chapters on the general pathologj' 
of inflammation, wound healing, and tumors. 
The largest part of the book is devoted to 
the special pathologj' of various tissues and 
organs: fibrous tissue, cartilage and bone, 
bone marrow, Ijunph nodes and spleen, ali- 
mentary tract, breast, nervous system, and 
skin—to list a few examples. Important 
lesions are discussed in considerable detail, 
others are merely mentioned. As the 
author states, the book is not intended to 
“be too comprehensive in the theoretical 
consideration of all the aspects of the lesions 
that are described.” Adequate bibliog- 
raphies are given for those desiring to pur- 
sue the details of any special subject. 

Practically all of the illustrations are 
original. They are of vei^' uneven quality. 
A few are e.xcellent (notabl}- those from the 
Arm}’- Medical hluseum), most are fair to 
poor. The color reproductions are unbe- 
lievably bad. Most are unrecognizable even 
with the legends and the book would be 
greatly improved by the omission of many. 
One serious error is the inclusion of some 
photographs of breast tissue tm'ce, once to 
illustrate intraductile papillomas, once to 
illustrate malignant change. 

The book is published in the new double- 
column stj'le for eas}' reading and is bound 
as a companion to Karsner’s "Human 
Patholog}'.” It will surely prove useful to 
students and pathologists alike. 

W. S. 


Colloid Chemistrv, TirEonE-nc.\L asv 
ArruED. Collected and edited by Jekojie 
Alex.\xdeii. Yol. \T. General Principles 
and Specific Industries, Synthetic Poly- 
mens and Plastics. Pp. 1215; fully illus. 
New York: Reinhold, 194G, Price, 
$ 20 . 00 . 

Tins Gth volume of Dr. Alexander’s en- 
cyclopedia of colloid chcmi.stiy contains 71 
contributed papers by exports in their chosen 
fields. The subject.^ are approximately 
evenly distributed between applications of 
colloid chemisto' in industrial and techno- 


logic processes and the enlarging fields c: 
resins and plastics. 

Although even plastics have some biologic 
interest (with reference to proteins), amonc 
the chapters of more direct interest to medi- 
cine and biolog}' are e.xcellent discussions of 
the “Mass Spectromofor and Its .-Ipplira- 
tions” (containing many interesting appli- 
cations besides those of isotopes in the 
study of intermediar}’ metabolism) .and 
“Some Practical Aspects of Electron Micro- 
scopy.” The latter article by Drs. V. K. 
Zwor}'kin and J. Sillier is e.xhaustive and 
well illustrated. There is also a compre- 
hensive renew by Dr. F. C. Combes on 
“The Skin and Its Technical Hazards,’’ 
which should be of particular infere.^f to 
dermatologists. Other subjects which in.ay 
prove useful to biologists are “Adsorption 
from Solution by Activated Carbon” and 
“Removal and Recover}' of Proteins ‘by 
Water-soluble Lignin.” 

As a timely inclusion there is a final cli.ip- 
ter on nuclear energ}’' and atomic fission. 
This is a very readable account, contributed 
by the editor. 

Ale.xander’s “Colloid Chemistry” from its 
inception in 1926, when Volume I '"'a' 
published, has been recognized as a standard 
work. The indindual articles arc yalu.ablc 
and authoritative. However, the time ba' 
been reached when it would seem desirable 
to publish an inde.v I’olume, since it b.a' 
become practically impossible to “rcadib 
place one’s hand ” upon a particular subject 
in this large reference work. YTilc no 
doubt little can be done about it, opera such 
as these appear destined only for the sbebc.i 
of relatively large libraries— $20 a volume 
for a periodically published work is not an 
easy cost for the average interested remlc*. 


Bioenergetics and Growth. Y itb Spocia 
Reference to the Efficiency Complex m 
Domc-stic Animals. By Samuel Ilnonv, 
Pn.D., Chairman, Committee on Gro^m 
and Energy Metabolism College of -Mm- 
culturc, Univ. of IMmsouri, Columbia, - o- 
Pp. 102.3. New York; Rcinhold, 1- 1 ’- 
Price, S8.50. ^ 

The present work by Dr. S.amue! 
an active member of the research .•’taff o. a- 
agricultural and animal husbandry 
ment sf.ation, i.s concerned with the ir.te. 
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related subjects of growth, efficient utiliza- 
tion of energy and the processes of aging in 
farm animals. The fields covered by the 
book are dominant trends in recent biologic 
investigation, making the treatise very 
timely. 

The farm animals, fowl, hog, cow and 
horse, have been neglected owing to their 
size as laboratory subjects, but they should 
be of particular interest as producers of 
foodstuffs— egg, miffi, meat — as producers of 
muscular work (the horse), and, finally, as 
sources (the bovines) of liormones for re- 
placement therapy in man. Dr. Brody’s 
volume is an integrated compilation of data 
secured over many yea,TS in a cooperative 
effort by the staff of the Missouri Agricul- 
tural Experiment Station (Univ. of Mis- 
souri), made possible by endowment by the 
Herman Frasch Foundation for Research in 
Agricultural Chemistry. Tlie WTiting of the 
volume was aided by a fellow’ship grant of 
the John Simon Guggenheim Memorial 
Foundation, 

The underljdng theme is the farm animals 
as energy consuming and producing ma- 
chines. Such subjects as animal calorimetrj’’, 
surface area (of cattle), grow'th, production 
of milk, etc., and production efficiency cor- 
related W'ith aging are discussed in detail. 
Numerous tables and figures make for a well 
documented, encj’^clopedic text, not too 
easily read. 

The w'hole work bears the stamp of author- 
ity, though somewhat biased by personal 
viewpoint. Dr. Brody’s scholarly volume 
appears destined to serve as a source of 
information in this important field of "bio- 
energetics”— growth and production effi- 
cienc}’^ in farm animals, and is worth}’- of 
high conmiendation. D. D. 


RonKTGEK Diagnosis or Diseases or the 
GASTnoiNTKSTiNAL Tract. By John T. 
Farrell, jM.D., Clinical Professor of 
Radiolog}', Graduate School of Jlcdicine, 
Univ. of Penna.; Radiologist, Lankenau 
Hosp. Pp. 271; 190 illus. Springfield, 
111.: Thomas, 1946. Price, S5.50. 

This book is a manu.al which will serve as 
a guide to some of the procedures carried 
out in the examinations of the various por- 
tions of the gastro-intestinal tract. The 
standard nomenclature of diseases is utilized 


and the author has arranged a brief discus- 
sion of the various lesions of the tract. 
As the author states in the Preface, foreign 
bodies in the gastro-intestinal tract have 
been emphasized because of his unique e.v- 
perience in that field. It is not a compre- 
hensive treatise. As a small monograph on 
certain phases of diagnosis or treatment it 
follows the general trend of many of the 
more recent medical publications. With 
the text the author has collected a group of 
excellent illustrations. 

The publisher is to be congratulated no 
the excellence of the physical qualities of 
the book. Its composition, the excellent 
paper, the print and the illustrations main- 
tain the high standard that Mr. Thomas 
has set for his books. E. P. 


Tratado de Cardioangiologia. By Pedro 
A. P. Tapella. Pp. 946. Lopez & 
Etchegoyen, SRL, 1946. 

This -well-documented volume presents in 
considerable detail the subject of cardio- 
vascular diseases in 3 large divisions, hlore 
than a third of the book is given to generali- 
ties of cardiovascular anatomy, physiolog}' 
and semeiolog}'-; a full half of the space is 
occupied by Part 2, The Cardiopathies; the 
94 pages of Part 3 are given to Treatment. 
The subdi\'isions are much as one would 
find in a similar -n'ork in English. The 2066 
references in the bibliograph}' are to Ameri- 
can articles in such a large proportion that 
those nationalistically minded will be much 
pleased. They should not assume, however, 
that this is necessarily a true index of the 
importance of American contributions to 
the subject and not merely indicating, 
perhaps, the current urge for writing and the 
opportunity for publication in this countr}'. 

E. Iv. 


Western Reser-ee Un-tv’ersity Centen- 
nial History or the School of Medi- 
cine. By Frederick Clayton Waite. 
Pp. 588; 16 illus. Cleveland, 0.; West- 
ern Reserve Univ. Press, 1946. Price. 
86 . 00 . 

Dr. W.aite's book is the first histoiw’ to 
be written of this important School of 
Medicine. It will necessarih* be of especial 
interest to its friends and graduates and also 
is a valuable local recoiri. He has gone 



254 


BOOK REVIEW’S AXD KOTICES 


further, however, than portrajnng the insti- 
tution vith which he has been connected 
for more than half of its existence. The 
first 4 chapters give a brief surve 3 ' of earl}' 
medical instruction in this institution; other 
chapters consider rival institutions, and 9 ap- 
pendices that of diverse matters. In fact, 
as the events portra 5 'ed are also considered 
in their causal and relative relations, the 
book may be regarded as covering much of 
the historj' of medical education in Ohio. 

E. K. 


Clinical Electkocardiographt. Bj' 
David Scherf, j\I.D., F.A.C.P., Asso- 
ciate Professor of Medicine; and Linn J. 
Botd, M.D., E.A.C.P., Professor of Medi- 
cine, New York Medical CoU., Flower 
and Fifth Ave, Hosps. 2nd ed. Pp. 267; 
243illus. Philadelphia: Lippincott, 1946. 
Price, $8.00. 

The authors state that in preparing this 
edition they have been priroaril}' interested 
in a close correlation between electrocardio- 
graphic findings and their clinical evalua- 
tion and that for this reason emphasis has 
been directed to the practical applications 
of electrocardiograph}', to the clinical aspects 
of disturbances of rhythm and to therapy. 

The discussion of abnormalities of cardiac 
mechanism is e.xcellent and may be read 
with profit by the beginner and with interest 
by those who have had wide e.vperience in 
this field. Tlie only adverse comment this 
Reriewer can offer concerning this part of 
the book is that a few of the tracings made 
with the macliines of the past generation do 
not reproduce well enough to be informative. 
With regard to those sections which deal 
with the most important aspects of clinical 
electrocardiography, such as the changes 
produced by intraventricular conduction 
defects and various forms of myoc.ardial 
damage incident to coronar}' dise.ase, the 
book leaves much to be desired. The authors 
have apparently adhered to the one pre- 
cordial lead school of thousht and vor}' few 
of the illustration.^ include more than one 
lend of tliis type. Tlie inadequacy of the 
4 lead electrocardiocram for the dbf)I.ay of 
bundle-branch block and Ic.-scr cradc.-^ of 
intraventricular conduction dtdcct.e as well 
as localized areas of dairaco involvinc cer- 
tain parts of the ventricular wall pre'cntinK 
toward the anterior surface of the chc.<t ha-- 


apparently not been recognized, likcvi-o 
the importance of the patterns of chance 
that may be recorded when leads are m.ade 
with the e.xpIoring electrode placed on an 
adequate number of precordial position.? h.as 
not been stressed. Thus, in certain impor- 
tant respects, the book is not abreast of 
current thought and practice in e!cctroc.ar- 
diograph}'. C. W. 


The Sdlphonamides in Theori' and Ppac- 
TicE. B}' J. Stewart Lvwre.vce, M.D. 
(Edin.), M.R.C.P., Physician, Rnymead? 
Emergency Hosp., Bishop’s Stortford. 
Pp. 105; Preface and Bibliography. Lon- 
don: H. Iv. Lewis, 1946. Price, 9/. 

A BRIEF sununaiy of the histoiy, mode of 
action, pharmacolog}', clinical use, toxirity, 
and present status of these drugs, includia: 
a bibliography of 323 titles and direction* 
for estimating the sulfonamide content of 
blood or urine. It is nritten mainly for the 
guidance of clinicians and therefore pre.*o:it< 
for each drug such items as stnicture, al>- 
sorption, e.xcretion and distribution in the 
body, winch are not usually available in a* 
concise form as this. American oh.'crvers 
may not be ready to accept the author.* 
conclusion that sulfamethazine is tlie sulfon- 
amide of choice for routine use hut the 
descriptions of clinical use, to.vic .symptom*, 
and choice between these drugs .'ind pemr- 
illin are worthy of liighest commendation. 


New Drugs.' By Arthur D. Ilf.unKKp 
With a Foreword by Dn. Au.sti.v I- 
S.MiTH. Pp. 295. New York: Heverc, 
1946. Price. $4.00. 

This book is intended to ckscrihe .and 
c.xplain tlie requirements of the Fedem 
Food, Drug and Co.smefic Act of 19!$ 
regard to the touting of new driie* be^'' 
they arc marketed to the public- jL 
author, criclently a lawyer witii 
able o.vporience in this field, .^ketelm- t / 
backcroiind and .‘-cope of the pre-^nt ri- 
infercstinely .and informingly in b> ‘'bapt' • 
(1.50 page.*'), and add.* an Api'^’mlix 
fxigc-s) conf.aining the documents relili'e " 
the notoriou.c Fli.vir Sulfanil.arnidf' 
gill, the text of the pre-ent Fe/i^ra! h • . 
pertinent e.xcerp(= from prc**'.')* ' ^ 

city Laws, anti the offiri.al rule- of fh'’ y ' 
cil on I’h.armacv and Chemj-try o. 
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American Medical Association, Avhose secre- 
tary contributed the Foreword. The book 
should be extremely valuable to those con- 
cerned with the making and testing of new 
drugs. The average physician may also 
read with profit this account of some of the 
past shortcomings of his o-wn profession 
with respect to the use on unsuspecting 
patients of insufficiently tested new drugs. 

C. S. 


Ho^vELL’s Textbook of Physiology. Pre- 
pared by John F. Fulton. 15th ed. 

Pp. 1304. Philadelphia: Saunders, 1946. 

Price, S8.00. 

A NEW edition of this classic is indeed 
welcome after the lapse of 0 years. The 
present edition, the first since Dr. Howell’s 
death, has been prepared by Dr. John Fulton 
with the help of 10 collaborating editors. 
It shows, as one might expect, an extensive 
revision with many new and rewritten chap- 
ters. Though this has required 187 more 
pages, the book is not inconveniently larger 
or heavier. Six of the opening pages are 
given to a preluninary statement on Histori- 
cal Background of American Physiology; 
one might wish that this was several times 
as long and not limited to “American,” espe- 
cially as it is contributed by the editor. The 
strength of the Yale faculty in physiologic 
activities ma}^ be inferred from the fact that 
15 of the 24 contributors arc members of 
that faculty and all but 3 of professional 
grade. Though the Preface gives some idea 
of the main changes, one must study the 
book itself to appreciate them. E. K. 


Essentials of Allekoy. By Leo H. 
CuiEP, i\I.D., Assistant Professor of Medi- 
cine and Lecturer in Immunology, School 
of Medicine, Univ. of Pittsburgh, etc. 
With a Foreword by Robeut A. Cooke, 
M.D., Chairman, Committee on Educa- 
tion, American Academy of Allcrg}-. 
Pp. 381; 42 iilus., 1 color plate. Phila- 
delphia: Lippincott, 1945. Price, 85.00. 
This handy little volume fully lives up to 
its title. Allergj* is a rapidly growing field 
touching every phase of medical practice, 
but including much that is as yet contro- 
versial. A full statement of the subject is 
far too involved for any exccjit those work- 
ing in the field. On the other hand, current 


textbooks in medicine, surgerj-^ and the spe- 
cialties are inadequate in their presentation 
of allergjL There has heretofore been a 
need for a concise and practical text for the 
use of students and phj’^sicians: a need which 
this volume fully meets. The author has 
shown excellent judgment in the type and 
amount of material included and a com- 
mendable clarity and order of presentation. 
There are chapters on the basic principles 
of anaphylaxis and allergj’’: the diagnosis 
and treatment of allergj'^; hay feVer, asthma, 
nasal and cutaneous allergj^; allergy to sera, 
drugs, bacteria, fungi, physical agents; mis- 
cellaneous manifestations of allergj"; allergj' 
in children; the diagnostic skin tests for 
A^arious diseases. There are many illustra- 
tive case reports. As Dr. Cooke says in his 
Foreword, the book “should be a joy to the 
undergraduate students and the general 
practitioners for whom it is intended.” 

R. K. 


Asclepius. a Collection and Interpretation 
of the Testimonies. Book I. Testimonies 
and Book II. Interpretations. By Emma 
J. and Ludutg Edelstein. Pp. 479 (I) 
and Pp. 1304 (II); no illus. Publications 
of the Institute of Historj’' of Medicine, 
2nd Series, and Documents, Vol. II. Bal- 
timore: Johns Hopkins Press, 1946. Price, 
•87.50 for Book I, and 88.00 for Book II. 
This painstaking, scholarly work of the 
2 Edelsteins is one of the most monumental 
that has thus far emerged from the Johns 
Hopkins Institute. It aims at understand- 
ing the problem of Asclepius, both in his 
aspect of the divine healer and his later 
r61e, in the final stage of paganism, as “the 
foremost antagonist of Christ” in the early 
days of Christianity. The first and larger 
volume is a Collection of the Testimonies, 
i. e., Greek and Latin references (fortu- 
nately for most of us, with English transla- 
tions included). They are arranged in 7 
categories: (1) Legend (his birth, accom- 
plishments, life character and death, his 
tomb, and his star, Ophiucus); (2) Descen- 
dants; Deification; Medicine; Cult; Images; 
Sanctuaries. An IS page Index Locorum 
offers ready reference to the sources. The 
second volume, the Interjirctation of the 
Testimonies, “aims at an insight into the 
essence of the Asclepius figure and of the 
cult attached to liim,” and also proA'idcs a 
commentary on the “testimony” of the 
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ancients. The authors stfck closely to their 
subject; they have aimed to avoid such 
tempting considerations as the nature of 
the ancient deities, or Asclepius’ place 
among them, comparison of Greek and 
Roman ■sdeu's mith those of other nations, 
theories of the origin of religion and similar 
related topics. Asclepius, himself, however, 
is considered in his human role up to classical 
times and as a god thereafter, also his cult, 
his images, his temples. Much that has 
seemed incongruous to the average reader 
of Greek medical history finds e.vplanation 
in this entertaining volume and the wealth 
of scholarl}' observation and interpretation 
will make it of permanent value to other 
scholars. We congratulate heartily the 
Johns Hopkins Institute on the appearance 
of this noble product. E. K. 


Hippocratic Wisdom. Bj' Willia.m F. 

Petersen, M.D. Pp. 263; 77 illus. 

Springfield, 111.; Thomas, 1946. Price, 

So.OO. 

The laudable purpose of Dr, Petersen’s 
book is to bridge the chasm between the 
technical de.vterity that our recently ac- 
quired wars of objective information permit 
and the integration of the sura of medical 
knowledge that the patient requires. Tliis, 
lie thinks, can best be done by returning to 
Hippocrates. His wcll-knomi concern with 
the effect of ciudronincntal influences on 
man naturally led him to Avis Waters Places, 


which with some justification he reprds a-- 
the high point of Hippocrates' objective 
study of disease. Whether he has read into 
the text more than the author had in min{i, 
and whether it is correct in appraisal o; 
disease that “the weather comes first,’’ that 
is indeed another matter. Nor will ail .ac- 
cept that Hippocrates was the first meteor- 
ologist, the first anthropologist, ecologist .and 
biologic scientist. 

By alwaj^s presenting Hippocrates’ mra 
words in roman type, the bulk of the booh 
is in italics. This method brings out various 
pomp which none but the close student of 
Hippocrates is apt to realize. For instance, 
though the Greeks are not regarded as hav- 
ing performed autopsies, Hippocrates is 
showm to assert that from the dead v.e 
know' the livdng and to have recogniied .a 
relation between tubercles in the lungs srd 
“curvature and contraction" of the spine. 
We recognized that the seat of disease had 
importance, that swimming cre.aturcs had t" 
inhale the air in the water, that “m.a!c swl 
passes into the uterus and there comminshs 
with the female seed,” and so on throuzh 
many more e.vamples. Anoxia, reproduc- 
tion, the medical and surgic.nl clinics, and 
even theory receive illuminating treatment, 
wliich the Reviewer confcssc.s is much more 
impressive than he lind anticip.ntcti. I’i"' 
short book has a far greater value than that 
of entertainment for the historically niiiid''<) 
reader. It can advantageously he .'■tuthoi 
bj' those medical neophytes wlio want n 
spective for their detailed studies. E- h- 



NOTICE AND INSTRUCTIONS TO CONTKIBUTOKS 

Manufckipts i 
correipondcncc, 

Joi'ii.Nwr. or THE Medic.^o .Scie.vces exclusively, except in the ense of sub-cquent publication m to'- 7 
proecedinps. 

M.\NePC!an's s-hould !>e tyfiowrittcn on one side of t!ic paper only, and should be doub!'' rm 
o'itli liberal marcin.-,. The autlior’s chief position and. alien fiossihle, (lie Department ® 
the work is produced should }>c indicated in the subtitle. lELf.snuTto.vs accompanyi'iiK ®rt'''-'- 
Ik? nutiilie.-cd and have typed captions tjc.arinfr cotTC'.pondint; numliers. For identific.atioa 
nl-o have the nuthor's name written on the margin or back. The recommendation" of tk" ‘ ‘ 

.\fcdira! A—oriation Style rhxil; should be followed. Rr.rnitEEcns should lie numlKTcd .i.vt ^ ^ 
end of the article--, arranged alpha lie tically accordinc to the n.amc of the rir.-t author and 
complete, that is. author's natne, journal, volume, pace and year (in .Vrabic numlAr-i. 

llirrutiN l‘«".T\OE '■hould accompany all manuscripts but will be returned to the author il t-c t. • 


script i" accepted. 

Until the paper strins-ncy is over 1.W ilcrniKT.s will be ."upplicd cratis. Covers will P’ ora...'-'! 
all artirlc-". In ordcria; additional reprints, we will supply in rauUiplct of IdO. 



THE AMERICAN JOURmE 
OF THE MEDICAL SCIENCES 

SEPTEMBER, 1946 


ORIGINAL ARTICLES 

FOLIC ACID (SYNTHETIC L. CASEI FACTOR), AN ESSENTIAL 
PANHEMATOPOIETIC STIMULUS 

Experimental and Clinical Studies* 

By Charles A. Doan, i\I.D. 

DEAN, pRornsson or medicine, and director or medical research, the college 

or MEDICINE, TUB OHIO STATE UNIVERSITl' 

COLUMBUS, OHIO 


The current era of chemotherapeutic 
and antibiotic therapeutic triumphs in the 
field of tlic infectious diseases has tended 
to subordinate and oversliadow the role 
of optimum nutrition and tlie importance 
of an effective mobilization of cellular and 
humoral immune forces in the resistance 
economy of the human body. In a world 
of increasing scientific complexity, with 
its multiplicity of geographic, social, eco- 
nomic and dietary maladjustments, and 
with an imminent inevitable upsurge of 
intercontinental, interracial admixtures of 
inherited and acquired traits and diseases, 
it is mandatory to reevaluate all of the 
factors necessary for maintaining strong 
bodies and sane mentalities. No longer 
optional, or to be casually accepted or 
hoped for, these attributes have become 
vital to human understanding and happi- 
ne.'^s, essential to human survival. 

It is well within the memory of most 
of ns when really serious and scientific at- 
tempts were first made to understand and 
control the mimitia of detail about e.'^sen- 
tial nutritional requirements for optimum 
growth, development and function — and 
that progress has been made in the appli- 


cation of this knowledge to the solution of 
specific human disease problems. Bio- 
logic and physical chemistry, and the 
experimental method, are making increas- 
ingly possible both direct and indirect 
controls over the phenomena of health 
and disease to an extent previously un- 
imagined and unpredictable. 

The interplay of bacterial and viral 
agents among a population comprising 
individuals with idiosjTicratic and vari- 
able physical reactions and responses, de- 
pendent upon both environmental and 
inherited or acquired organic characteris- 
tics, has proven all too frequently to be 
disastrous to persons, to nations and to 
races. Gradually but surely, at least the 
physical basis for disease prevention and 
cure is being laid, and the emphasis, there- 
fore, is steadily shifting toward the psy- 
chologic, the emotional aspects of human 
character — for better or for worse, as was 
emphasized in last year’s Jarecki Lecture. 
It is the more recently acquired knowledge 
relating to specific molecular nutrition and 
to the closely related mammalian cellular 
mechanism of resistance which has been 


* Tlip 12tli Edwin A. .larcrki Memorial Lecture, Plijladclphia, May IT, 19JG. 
\0L. 21-, NO. 3 — 1010 
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chosen for presentation in this Memorial 
Lecture. 

It is no mere coincidence that our own 
first studies of li\'ing blood and bone 
marrow cells were initiated in Baltimore 
some 25 years ago from the standpoint 
of nutritional control factors. Prior to 
Dr. Florence R. Sabin’s pioneer studies 
of embryologic blood formation in the 
lin'ng chick blastoderm,®' practical!}* all 
of the recorded observations had been 
on fixed and stained preparations of sec- 
tioned material, and the only studies on 
simplified hypocellular adult marrow had 
been from tissues subjected to severely 
to.vic, destructive influences.'*^ In an ad- 
jacent laboratory, hfcCoIIum was in the 
midst of his s^mthetic dietary studies in 
rats with special reference to \*itamin fac- 
tors, and we were permitted and in\'ited 
to observe the influence of various dietary 
combinations on the hematopoietic equi- 
librium. But the material was too com- 
plex for satisfactory analysis at that time, 
since no one of the diets studied pro\dded 
an appreciable marrow hypoplasia in the 
rat, and the fundamental underlying cel- 
lular structure of this organ, under normal 
adult conditions, •was not yet revealed. 
It became en'dcnt early in our work that 
an easily induced, reversible, non-toxic, 
hypoplasia of adult marrow must be avail- 
able for the initial basic study of bone 
marrow stnicture and function.’’ An 
adult avian form was chosen, the pigeon, 
in order to correlate more directly Sabin’s 
analysis of erythrogenesis in the chick 
blastoderm. Simple withholding of all 
solid food for a relatively brief period 
was found to produce a progressive pan- 
marrow liypoplasia for all normal ele- 
ments in the adult pigeon, so that with 
the resumption of a normal grain diet 
tlic prompt but progressive return to 
normal blood cel! formation permitted the 
observer to note the origins and relation- 
ships of the various cell types.” Studies 
followed, in the mammal, .as well .as the 
avian species, in the attempt to dbeover 
the dictarj- factors essential for each blood 
cell type. Wiile Whipple and hi.= asso- 


ciates were establishing the essential diet- 
ary constituents for hemoglobinogcnoi- 
in anemic dogs, the role of the nucleotides 
in granulocytopoiesis in pigeons and r.'.L 
bits,” and subsequently in human grnnu- 
lopenic states,®® was being axplored. 

During the inlcrim between Wo.dJ 
War I and World War II, epochal progns? 
was achieved through the combined genius 
of ^Miipple, hlinot and Castle, not nioue 
tlirough the specific application of their 
discoveries to the successful tre.atmeiit cf 
pernicious anemia but, even more, through 
the establishment of the principle of nutri- 
tional deficiency, on either an intriiuie 
or extrinsic basis, as solely responsible for 
the cellular maturation arrest, which th- 
sue pathologists had preriously interpret- 
ed as malignant megaloblastic anapb-'i- 
This revelation has provided a p.ittfrn 
for the approach to many other nnsoboi 
medical problems. 

Despite the unavoidable diverting o' 
investigational activities to direct v.M 
objectives in the immediate past, never- 
theless efforts have been gradually inten- 
sified, utilizing modem chcmic.al, phy.'irat 
and pharmacologic techniques, to frac- 
tionate, isolate, identify and synti)c<ire 
specific molecules with specific biologic 
activity, from vitamin comple.ves and 
from many other source.':. .Slonly but 
surely* biologic investigators are separat- 
ing the active from the inactive, tiic 
specific from the non-specific, the innocu- 
ous from the dangerous, the stiniul.ato..' 
from the depressant or inhibitory ciicin.c- 
combines which affect living protopla-m 
It is down this avenue of diver-ified invi ^ 
tigations, from many* individual- a • 
groups ■with multiple interests and aan - 
objcctive.s, tlint has come the infon. ^ 
tion, wliich is focusing attention 
at the prc.scnt time on the so-eallcd ' ^ 
acid or “L. roari factor" concrut^-’ ' 
tcmis of liumnn bone rnanow aeti-i*;; ^ 

It was inevitable that some eoe.i. _ 
should arise temporarily* rfjncennr.. • ^ 
newc.'it subdivision of tb.c rap’.dly • 
vitamin B f.'trriily', due to its v nb * ; 
tion in nature, its multipb-, • 
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logic activities, and its variously acquired 
nomenclature, derived from widely sepa- 
rated groups of investigators. There are 
5 designations, Avhich have been com- 
monly and somewhat indiscriminately 
applied to this group of compounds: vita- 
min M, vitamin Be, eluate factor, folic 
acid and L. casci factor. Briefly, their 
historical derivations may be indicated. 
In 1935, Day, Langston and associates 
published the first of a series of communi- 
cation describing the develop- 

ment of a nutritional cytopenia in monkeys 
on a vitamin B deficient diet, which could 
be prevented or corrected by cither liver 
extract or brewer’s yeast. The essential 
but unidentified component or components 
common to these 2 foods was designated 
in 1938 as “vitamin Similar stud- 

ies were started in our laboratory in 1940 
in association with Drs. Henry E, Wilson, 
Jr., Oram Woolpert and Samuel Saslaw, 
in an attempt to identify the essential 
hematopoietic factor— more specifically a 
gramdopoiciie factor— among the growing 
group of subfractions purified and isolat- 
ed from the vitamin B complex. Niacin 
amide, thiamin, riboflavin, calcium panto- 
thenate, pjTodoxin, inosital, para-amino- 
benr.oic add, choline, pimelic acid and 
glutamine were used as they became 
available, and individuallj’’ and collec- 
tively they, failed to prevent the gradual 
development of a pan-marrow hj^poplasia 
in the Macacus vmJalta, when placed on 
a restricted diet (Figs. 1 and 2), We 
concluded^*-®® that the erystalline folic 
acid obtained from liver by Stokstad®* 
and a highly purified concentrate from 
yeast"^-®® each “closely simulated the 
clTcct of parenteral liver extract, re- 
establishing also a normal white cell 
equilibrium” in our monkeys (Fig. 1). 
The identity of vitamin IM with these 
folic acid concentrates was suggested and 
implied.®®^ Waisman and Elvehjera®® 
confirmed the antileukopenic effect of a 
“ folic acid ’’-rich norite eluate concentrate 
for monkeys in 19-13, and Day d 
reported in 19-15 the successful treatment 
of “ vitamin IM deficiency ” in the monkey 


wth highly purified L. casci factor, thus 
establishing the biologic identity of these 
2 factors. 

In 1939, Hogan and Parrott^^ described 
an anemia in chicks due to an undeter- 
mined dietary deficiency, which they 
designated “vitamin Be,” the “c” being 
appended to identify the chick species. 
Its isolation from liver in crystalline form 
was accomplished in 1943 by Pfiffner and 
co-workers,®® who stated that “it appears 
probable that the chick anti-anemia fac- 
tor Be, Peterson’s eluate factor, and Wil- 
liam’s 'folic acid’ are the same.” In 1945 
these same investigators®^ isolated a second 
crystalline compound with anti-anemic 
activity for the chick, this time from 
yeast. The molecular weight, however, 
was found to be 2.8 times that of vita- 
min Be from liver, and it was termed 
“vitamin Bo conjugate.” Typical vita- 
min Be was obtained from the “conju- 
gate” on enzyme digestion. Scott cl al.*^ 
reported that following severe experimen- 
tal hemorrhage in hens, the intramuscular 
injection of L. casei factor synthetic or 
of beta-pyracin hastens the regeneration 
of hemoglobin, and when both are given 
together the recovery is still more rapid 
and a higher total hemoglobin level is 
attained. 

Snell and Peterson® in 1940 found that 
among the requirements for the cultiva- 
tion of LactohacUlus casci was a factor 
occurring in yeast, liver and other natural 
materials, which could be adsorbed on 
norite and eluted therefrom with ammo- 
niacal alcohol. Stokstad,®® and Hutchings, 
Bohonos and Peterson®^ then carried the 
concentration of this “eluate factor” 
further, and the latter showed that this 
concentrate had growth®® as well as anti- 
anemic activity®® for the cliick. Similari- 
ties in chemical properties between this 
“norite eluate factor,” factor U of Stok- 
stad and Manning,®® the alcohol precipi- 
tate factor of Schumacher ct and 
\-itamin Be®® were pointed out. Then 
Hutchings, Stokstad, Bohonos and Slo- 
bodkin®® in 1944, using absorption spectra 
data for identification, grouped all of 
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these concentrates under the general term 
“ L. casei factor.” 

Mitcliell, Snell and Williams-® reported 
in 1941 that they had obtained from 
spinach in relativelj' pure form an acid 
nutrilite, which they called “folic acid,” 
and which they found to be essential for 
the growth of Z. casei and Streptococcus 
laciis. ]\Iany investigators, thereupon, 
adopted this euphonious designation as a 
generic terra to cover all substances with 
similar physiologic properties from what- 
ever source derived. In 1944, however, 
the originators of this cognomen,®® defined 
“folic acid” specific.ally as an essential 
growth factor for S. laciis, thus limiting 
considerably its strictly literal application 
to some of the other closely related, but 
not identical substances. 

Daft and Sebrcll’ in their recent review 
of this subject (1945) adopted and defined 
the term “L. casci factor” as “any sub- 
stance ha^•ing activity for the rat and 
chick, and cither active for L. casd or 
S. laciis, or c.apable of being changed to 
an active form by treatment with acid, 
alkali, or any enzyme.” 

Last August, Angier and his associates’ 
announced the s^mthesis of a compound, 
without revealing its c.xact structure, 
which has ultraviolet and infrared absorp- 
tion spectra, crystalline structure, and bio- 
logic activity identical with the L. casci 
factor isolated in pure form from liver by 
Stokstad.®® Supplies of the crystalline 
biologic have been ncces.sarily c.xfrcmely 
limited in the past, only -f’.y ounce of 
active material restilting from a ton of 
original fresh liver. The relatively more 
abundant quantities of folic acid of 
.standardized uniform potency now avail- 
able hiis stimulated great interc,st and 
investigative activity. 

Mr)st of the studies have strc-'.-cd only 
the anti-anemia and growth stimulating 
properties of these concentrates, though 
the work in monkeys rt'cognizefi from the 
beginning letikojjcnia as well :is anemia in 
the vitamin B deficiency state. A few 
investigators have tinted the jvos^ible sig- 
nificance of Z. m."-/ factor for granulo- 


cytopoiesis and thromhocytopoicsis, wiiid, 
would seem an even more important clini- 
cal attribute of these molecular compleu'--. 
if true. 

In a series of studies with rats it va- 
found by Welch cl al.,^^ Daft and Sclirel! 
cl al.,'*'^ and Elvehjem cl that agranu- 
locytosis may occasionally occur in flie 
presence of a dietary deficiency only, but 
the incidence is greatly increased if sulfa 
drugs, or thiourea and thyro.vin' are in- 
cluded in the purified diet. Furthermore, 
crystalline “folic acid”® successfully pri'- 
vents or corrects this development. Mon' 
recently Daft, Sebrell and associate-’' 
(1945) have reported sei'cre anemia and cr 
granulocytopenia, with bone marrow hyp'- 
plasia and congestion in a high pcrccntatc 
of rats fed a purified diet low in panic- 
thenic acid, in contrast to their coutn'!'. 
Only 20% of the rats escaped .some fnna 
or degree of blood dyscrasia. A few ran 
a very rapid, fulminant fatal course. 'Bu' 
therapy consisted of 200 to 5000 me. 
daily of pantothenic acid alone or rmu- 
bined with 25 to 100 ing. of L. ce.vri fueler. 
They conclude: “the gramilocytoiHiii.u. 
when unaccompanied by anemia, app'ur- 
ed in most cases to be the re.siiU of L- cu' : 
factor deficiency, which for fca'-nn- au- 
known, dc\-clopcd more e.msily in tb® 
absence of pantothenic acid. lolic afu. 
alone did not affect the anemia, and {>unfe- 


thcnic acid alone did not affect the pr.uiu- 
locytopcnia. The anemia re.sponded n-- 
sonably well to the combined Ire.'itia'..' 
of pantothenic acid and folic arid. ’ 


would seem, therefore, at leresf a p<> 
bility that this anemia w.as due to 
simultaneous deficiency of these 2 far.''. 


t! 


.Along these .same lines, Bright 
Welch" found that feeding rat= a ia*. ■. 


< 


purified diet containing sulfa^uxiditi' . 
suited in a marked reduction in the r 
flnrcs of folic acifi, biotin and p.’inf"...' ^ 
arid, the other B group vitamin- 
unaffertcii. This oi'ciirred d'-ju ' , 
narily adrijiiate amount.' of ^ 

acid in the diet, and inT.-i-tcd 
parenteral .'idmini'tration. Cry*'.'-' ■ ^ . 


otin f)bi' folic ariil nincrntr.a'*' n 
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the pantothenic acid content of the liver 
to normal with the disappearance of all 
symptoms. These authors discuss the 
possibility of folic acid and biotin playing 
a role in the bacterial synthesis of panto- 
thenic acid or in the proper storage or 
utilization of pantothenic acid in the tissue. 

Vitamin Bio and Bn concentrates® 
proved to be inactive as sources of folic 
acid for the monkey, while crystalline Be 
and synthetic L. casei factor were quite 
adequate. A reversal of the lymphocyte- 
neutrophil ratio plus sub-optimal hemo- 
globinogenesis were precipitated by folic 
acid deficiency. 

Finally, Kornberg, Daft and SebrelB® 
have just shown that weanling rats become 
both granulocytopenic and anemic on 
diets devoid of adequate protein. The 
simultaneous addition to the diet of both 
L. casci factor and the essential amino 
acids was necessary for full recovery. 


Prior to our onm clinical studies with 
folic acid, extensive experimental investi- 
gations were carried out in monkeys, par- 
ticularly from the standpoint of suscepti- 
bility to virus and streptococcus infections 
in folic acid-deficient, leukopenic states 
with or without anemia. 

Reference to Table 1 will indicate the 
bone marrow and peripheral cell response 
to various diets (Table 2) in which the 
vitamin B complex is lacking in a greater 
or lesser degree. All monkeys developed 
a leukopenia after a period of 30 to 120 
days on one or other of these diets, and 
57% showed an accompanying anemia.®^ 
In sharp contrast to the nutritionally nor- 
mal monkey, which is quite resistant to 
the influenza virus and/or hemolytic 
streptococcus Group C, the nutritionally 
leukopenic monkey is extremely suscepti- 
ble with a high mortality rate (Table 3). 

Neutralizing humoral antibodies in re- 


TadivU 1.~Red and White Beood Cell Responses of Macaca Melatta: on Modified 

Vitamin B Deficient Diets 


Goldboi ficr did 

Syntiidic Ixisic did (vitamin B-Irce) . 
Diet I (mill hupplcnients) 

Did II (with fiupplcnient.s) 


Total 

Developing 

Icukopeni.a 

Developing 

anemia 

4 

4 

3 

4 

4 

3 

7 

7 

4 

20 

20 

10 

35 

35 (100%) 

20 (57%) 


Table 2. — Two Diets Lacking in Vitamin B Complex With Supplements 



Diet jVo. 1 


Baste Diets* 

% 

Vitamin Supplcmcntf 

Daily dosage 
(mg.) 

Sucrose . 

GS 

Thiamine hydrochloride . 

1 

Vitamin-free casein 

18 

Riboflavin ... . . . 

. 1 

Vegetable oil 

S 

Pyrido-vin hj-drocliloride . 

1 

Salt mi\tuie (U. S. P. No. 2) 

4 

Nicotinic acid amide 

. 25 

Cod liver oil (U.S.P.) 

2 

C.alcium pantotlienato 

. 3 


100 

.Ascorbic acid 

. 25 


Diet A'o. 5 

Daily doiiRC 


Diet No. 1 with .addition of’ 

Clioline clilorido , 50 

Pimelic acid . i 

Ghit.aminc 1 

Inositol ] 

.'^odiuin paraminolienzoate 50 


t ""‘I were a\’aiIablo to the animals at all timc=. 

t Double dnvev of .'^tipplemcnti !-u>pcnded in water and fed by stomach tube everv 2nd d.av Biotin 
a-siy.-, wen> done on feces of .some of these animaL with and without addition of'biotin to the diet 
. nice these assayt- indicated .synthesis of larcc .amounts in the intoi^tino of the monkcv biotin supple- 
ment.s were diseontimied. * auppit. 
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spouse (0 the viriis,^® and specific prccipi- 
tins, opsotiins and antistreptolysin titers^' 
followitif: the streptococcus developed in 
time and quantity in the nutritionally 
deficient monkeys ns in the nninials on 
normal diet. The most obvious dilTcrence 
in the 2 i^rotips was the dimiriislicd num- 
ber and inferior quality of tlie circulating 
granulocytes, and the progressive liypo- 
plasia of the bone marrow in the absence 
of folic acid in the diet. 

Monkey G1 (Fig. ]) is illustrative of the 
progressive pan-marrow hypoplasin Avith 


events from those occurring following 
liver extract (Fig. 2), or when an iij-per- 
plnstic, megaloblastic, maturation-arrest 
bone marrow is subjected to folic acid 
(Fig. 7) is significant. In the latter 
instance the pcriplierai leukopenia and 
thrombocytopenia are usually primarily 
myelophthisic in mechanism and the 
reticulocytosis precedes the granulocyte 
Sind platelet responses. In the nutrition- 
rdly hypoplastic marrow in our monke.vs, 
apparently the deficiency for granulocjlo- 
poic.sis, when corrected, resulted in a re- 


T.Ani.E .3.— .‘^cscnPTinii.TTA' to Isncnos op Macaca Muj.Arr.A: on a Modified Vitamis A 

Di;ncir,ST Diet 

I. Ilcniolytir .itropfoeocciii (Group C) (intmnn'vHl iiiocul.atioiis) G 

Streptococcus cepticemin, fiital (7 to 13 dnys) 5 (SS^c) 


M R 

Diet 
. . GOO 

Siimva! 

Finflmg** 

M M 

. , GOO 

S (la)-.-) 

Scpflccmin 

M 23 

. . r 

7 (lay.*! 

Sepsis ciysipelas 

M 55 

. . n 

7 (Iny.s 

Septicemia 

M 51 

. . n 

13 d.ays 

Sepsis eiy.sipcla.s 

•M « 

. . II 

IS days 

Sepsis crj'sipclns 


11. Infiucn*a A-irus .V (Strain Pit S) (intrnnnsal inoculations) ‘ 

Vinis infection, fatal (2 to II day.-,) S Ol/cl 

Rccovco" of 




Diet 

Survival 

PatholORj' 

viru« 

M 

21 

COO 

3 days 

+ 

+ 

M 

27 

I 

2 days 

+ 

4- 

M 

51 . 

II 




M 

53 

II 

S days 

+ 

— 

M 

51 

11 




M 

50 . 

. . 11 

11 days 

+ 


M 

09 . 

H 

7 days 

dt: 

sb 


Controls on Normal Optimum Diet 

III. Streptococcus hcmoli/iicus (Group C) (intranasal inoculations) 
Fatalities . . . . 

Influenza virus A (Strain PR S) (intranasal inoculations) 

Fatalities . . • 

Hemolytic streptococcus followed or preceded by influenza virus . 

Fatal streptococcus septicemia (15 to 21 days) 

(Streptococcus preceded by virus 15 days.) 


9 

0 

10 

0 

30 

2 (4%) 


a resulting peripheral pan-hematopenia 
which occurs on the unsupplemented basic 
diet. Immediately, within 24 hours of 
the administration of a relatively small 
dosage of folic acid concentrate, the 
granulocytes were increased in the circu- 
lating blood and shortly thereafter both 
reticulocytes and thrombocytes appeared 
in greater abundance, follow'ed promptly 
by a steady and sustained rise in total red 
blood cells, hemoglobin and lymphocytes. 
The difference in sequence of these cellular 


activation which released mature 
phils directly and before the red boo 
cells have had time to respond. ® 
reticulocytosis Avas greater but the S’"**”'* 
locj'te response w^as more delayed and 1^ 
pronounced in Monkey 136 (Fig. I ® 
lowing liver extract, than w'hen fohe aci 
concentrate W’as administered. 

Inasmuch as our early studies'® on 
mechanism of nucleinate induced gra" 
locytosis gave a similar prompt release 
white blood cells to the circulation, f 
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tlic hone marrow was funelionally cajrahle 
of rcsponclinp, wc were interested in 
comparing the reaction of our leukopenic 
monkeys to adenylic acid rrmts folic acid. 
While the granulocytes rose transitorily 
in I^Ionkcy 1 C (Fig. ii) following cacit 
iniection of adenylic acid, there was no 
evidence of a progressive and sustained 
recovery of both leukocytes and erythro- 
cytes such as occurred on daily folic acid 
administration. 


condition deteriorated gradually, and when 
influenza virus was introduced intranas- 
ally an acute episode was precipitated 
resulting in death S days later ■nith pro- 
found leukopenia in the presence of neu- 
tralizing antibodies. Similar fatalities re- 
sulted when hemolytic streptococci were 
administered under the identical circum- 
stances (Fig. 5), even though agglutinins, 
opsonins and antistreptolysins developed 
proinptlj'. 



The contrast between the cytologic and 
clinical improvement, which followed the 
reavailability of folic acid in a monkey 
on a supplemented basic diet, II, and 
the fatal reaction to influenza virus infec- 
tion during a leukopenic relapse is indi- 
cated in Figure 4 (M 53). Following the 
withholding of the folic acid concentrate 
after its specific and generally favorable 
effect on the blood cell equilibrium, appe- 
tite, weight and general appearance and 
activities of the animal, the cellular dis- 
equilibrium again developed, the physical 


The monkeys, as their leukopenia de\e 
oped on an inadequate diet, not on. 
became abnormally susceptible to super 
imposed virus or/and pyogenic infections 
they likewise became susceptible to t ei 
own endogenous, potential pathogens 
more particularly those in the intestina 
tract. In Table 4 are recorded tJi( 
fatalities due to infection in the 35 naon 
kej’s subjected to dietary deficiency stu 
ies. It will be noted that 40% were a 
to spontaneous infections, the great major 
ity succumbing to bacillary dysen erj 
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Thirty % did not survive influenza virus 
or strcjitococcus exposure, xvliich repre- 
sents 71 and 83 % respectively of those 
v’lucli received intranasal inoculations 
during a nutritionally induced leukopenic 
state. Only 1 monkey succumbed during 
folic acid administration (Fig. 2, M 136) 
in an irrevcrsii)ic crisis. 

Another phenomenon of definite signifi- 
cance was observed among a few of our 
monkeys, which received sujjcrimposcd 
intranasal inocula of streptococci preced- 
ed or followed by influenza virus. In 


Alonkcy 12 (Fig. 6), some 80 days fol- 
lowing the spontaneous recovery from an 
initial streptococcus-virus sequence, rein- 
fection was accomplished with the same 
strains of pathogens and in the same order 
and dosage. After a latent period of 15 
to 20 days all of the signs and symptoms 
of an acute diffuse glomerular nephritis 
developed, including anore.via, albumin- 
uria (100 mg. %), hematuria, edema and 
hypertension (systolic 1S5 mm.; diastolic 
140 mm. Ilg). The high opsonic inde': 
had been sharply neutralized by the re- 


T.^nt.K •}. — MoiirvuTV Tnov Spost^ntous ast> Induced Infectioss (35 Monkets) 
(Macaco Muij^tt.v. ok Modified Vitoiin B Deficient Diets) 

Fatalities 

I. Spontnnoous Sh. dysenteric (ricTner) D 

II. Spontimooiis A7. pneumonic 1 

III. Spontaneous licmolytic streptococcus bronchopneumonia (fatal) 1 

IV. Spontaneous staphj'lococcus septicemia . 1 (tO^) 


V. Experimentally induced hemolytic streptococcus (Group C) 5 

VI, Expcriraontnlly induced influenza virus A (Strain PR S) 5 (309c) 

VII. Controls receiving liver extract or folic acid . t 

VIII. Survit ora . 10 (297c) 
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inoculation of the virus and there was a 
progressive anemia and leukopenia at this 
time, with only a slight reticulocyte 
response. Throat cultures were positive, 
but blood cultures were negative for 
hemolytic streptococci, and the hyperergic 
character of this renal episode was sup- 
ported by the pathologic findings in the 
kidneys at postmortem. The same type 
of episode occurred in 2 monkeys on a 
deficient vitamin B diet in which spon- 
taneous endogenous infection had oc- 
curred. 

The studies of the relative susceptibility 
of Macacus 7milaUa monkeys, under a 
variety of nutritional and environmental 
conditions, to influenza virus and/or 
hemolytic streptococcus exposure via the 
nasopharynx, have once again emphasized 
the important role of the white blood 
cells in the body defense against infectious 
diseases. Furthermore, folic acid concen- 
trate (L. casei factor) is at least one of the 
essential foods for the maintenance of the 
normal cellular integrity of bone marrow 
in the monkey, and seems to support pan- 
hematopoiesis more specifically and effec- 
tively than any other molecule thus far 
isolated and tested. 

Clinical Studies with L. casei Factor, 
Synthetic. Beginning with Wills’®® dis- 
covery that marmite, an autolyzed yeast 
product, was as effective as liver extract 
in the treatment of tropical macrocytic 
anemia, followed by the demonstration 
of its efficacy in the macrocytic anemias 
of idiopathic steatorrhea,®® tropical sprue,® 
and, when given in sufficient dosage, in 
pernicioTis anemia,®® the search for chemi- 
cally active hematopoietic fractions from 
both liver and yeast has never ceased. 
The preliminary attempts to apply the 
e.xpcrimental results with folic acid con- 
centrates derived from each of these 
sources to the treatment of human ancmi.is 
and leukopenias were equivocal and un- 
convincing, despite their striking influence 
on the metabolism of bone marrow in 
experimental animals. I^Ioore and his 
associates®' in 1943 attempted the assay 
of both crude and more highly purified 


“folic acid” concentrates in typical per- 
nicious anemia patients, always obtaining 
a submaximal response, which w^as attrib- 
uted to "some extrinsic factor activity.” 
Castle ct aU reported negative results in 
relapsing pernicious anemia patients, when 
vitamin-free casein plus all crystalline 
members of the vitamin B complex, in- 
cluding “folic acid and folic acid concen- 
trate” in amounts of 2.3 to 3.6 mg., w'ere 
added to normal gastric juice and fed 
daily. Sharp ct obtained “an appre- 
ciable increase in the hematocrit but only 
slight changes in other erythropoietic 
phenomena” in 10 otherwise refractory 
anemia patients given 0.6 to 1.5 mg, of 
vitamin Be in yeast concentrate. Wat- 
son®® was unable to confirm these findings 
in his patients with refractory anemia, 
when 5 mg. of L. casci factor were admin- 
istered daily by mouth, but suggestive 
responses were observed in 7 patients, 
who had developed leukopenia following 
roentgen ray therapy. 

In confirmation of Watson’s observa- 
tions, Major Perk Lee Da^'•is““ betv'een 
October 1942 and July 1946, as part of a 
cooperative research program with Dr. 
Herman Hoster and our laboratory group 
in Columbus, observed 191 cases at the 
Walter Reed Hospital, Washington, D. C,, 
diagnosed as lymphoblastomata. Included 
were reticulum cell sarcoma, lympho- 
sarcoma, giant follicular lymphoblastoma, 
and Hodgkin’s syndrome. “ Complete 
blood and bone marrow studies revealed 
marked depression of both myelopoietic 
and er.\1:hropoietic activity. With the 
introduction of radiation therapy, both 
anemia and neutropenia became progres- 
siveb' more severe, necessitating daily to 
weekly transfusions of whole blood and/or 
washed red cells.” Daft and Sebrell, of 
the National Institute of Health, were 
instrumental in securing, through tlie 
courtesy of Dr. Thomas Jukes of tlie 
Ledcrle Laboratories, suflicient quantities 
of folic acid to permit treatment of selected 
patients in this Army group with large 
oral doses of To to 150 mg.*'t.i.d. “Seven- 
teen cases, given these large doses of folic 
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acid ■without any otiicr therapy, showed 
no dcnionstra!)le heneficial infliicncc on 
the course of tlic disease. Sixty-nine cases 
were tiien treated with radiation therapy, 
transfusions and folic acid. ^Vllcn folic 
acid was added to tlic radiation therapy, 
it was noted that the patients withstoo(i 
radiation better, with le.ss nausea, vomit- 
ing and general depressing physical effects. 
The necessity for red cell or whole blood 
transfusions decreased in frequency to an 
average of one in IS days. The average 
time of hospitalization was reduced from 
9.S to 5.3 months. The hone marrow on 
discharge showed an increase in the mye- 
loid and crythroid elements.” Davis con- 
cludes; “Folic acid is recommended as a 
useful adjuvant in maintaining the hem- 
atologic well-being of patients receiving 
massive and prolonged radiation therapy.” 

Zuelzer and Ogden*^ have just reported 


microcytic anemia (8 cases), chronic h\-po- 
plastic anemia (2 cases), and in 1 patient 
each with diagnoses of Mediterranean 
anemia, sickle cell anemia, aplastic ane- 
mia, subacute myelogenous leukemia, and 
acute lymphatie leukemia, respectively. 

Encouraged by the consistent and 
spectacular response of specifically leuko- 
penic or pancytopenic monkeys to “folic 
acid concentrates” in our laboratory,”®' 
an attempt was made, in cooperation rvitli 
Dr. Spies beginning in the summer of 1943, 
to select certain patients at the Hillman 
Hospital, Birmingham, with nutritional 
dcficienc.v reflected by leukopenia and 
mouth ulcers, and to appraise the value of 
L. cosci factor, first in the form of the 
purified crystalline concentrate from liver, 
later as the sj-nthetic molecule. Con- 
trolled peripheral blood and bone marrow 
stuflies were made, using the suprantai 


Tauck 5. — Scans.vnv or 2S C\sks TnRATr.n VTmi h. Cabri Factor, Svkthetic 


I. Sdiffacton/: 

1. Addisonian pernicious nnemin 

Firsin case 

In relapse 

Maintonanco . 

Hyiicrscnsitivc to liver 

n. Unsatisfactory; 

2. Hj-poplastic marrow .... 

Primary 

Sccondarj- 

3. Monocytic leukemia . . 

Chronic 

Acute 

4. Acute influenza \-irus infection, with profound leukopenia 

5. Macrocytic anemia, secondary to hepatic cirrhosis 

0. Hemolytic nnemia, acquired 

7. Myelogenous leukemia, chronic 

8. Lymphatic leukemia, chronic 


1 

3 

3 

3 


4 

2 


4 

1 


10 


6 


5 


3 

1 

1 

I 

1 


12 infants under 1 year of age with severe 
macrocytic anemia and megaloblastic bone 
marrows of unknown, non-dietary defi- 
cient etiology, 9 of whom responded 
promptly and completely to L. casci factor 
concentrate, or synthetic. The dosage 
was 5 to 20 mg. per day for 8 to 21 days. 
Bone marrow, reticulocyte and hemo- 
globinogenesis curves were “ virtually iden- 
tical with those obtained in pernicious 
anemia following adequate treatment with 
purified liver extract.” Completely nega- 
tive results are reported in the anemia 
of prematurity (IS cases), hypochromic 


technique, and both hematologic au 
clinical improvement, commensurate wit 
the dosages then available, were re- 
ported.- , 

In November 1945, and each montn 
since. Spies and associates'®"^' hav e prc| 
sented a rapidly increasing senes o 
patients ■ndth macroc 3 'tic anemia, v\ a 
havm responded dramaticallj’’ and 
pletelj' to parenterallj' and orally 
istered L. casd factor, sjTithetic. _ a- 
cases have included nutritional de "icnc. 
per se, Addisonian pernicious anemia, an 
the macrDcjAic anemias of pregnane. , 
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pellagra and sprue, both tropical and non- 
tropical. 

Coincidentally and independently, Dar- 
by and Jones“ obtained satisfactory hema- 
tologic and clinical remissions in 2 patients 
with sprue, using 15 mg. of the same 
synthetic material, intramuscularly, daily. 
Moore and associates®^ and our own 
group®^ immediately confirmed, and have 
since paralleled and elaborated upon the 
reported clinical findings of the Birming- 
ham and Nashville groups. 

Table 5 summarizes the 28 patients thus 
far studied in our Clinic together with 
their respective diagnoses. Figures 7, 8 
and 9 present the essential dosage require- 


appro.vimately normal cellular maturity 
pattern by the 10th day, the maximum 
reticulocyte response (26.8%) being re- 
corded on the 15th day of therapy, after 
a total cumulated dosage of 30 mg. folic 
acid. Increasing the dose to 10 mg. daily 
beginning with the 16th day failed to 
induce a secondary reticulocyte rise, con- 
firming the adequacy of the original 
dosage. On the 40th day of therapy the 
total red cells reached 4,000,000, hemo- 
globin 13 gm. from a low of 1,000,000 
eiythroc^'^tes, hemoglobin 5 gm. Clini- 
cally on the 2nd day of therapy this 
patient volunteered that the paresthesia 



mcnts and bone marrow and peripheral 
cellular rc.sponscs elicited by synthetic 
folic acid {7y. casri factor) in 3 individuals 
with classical Addisonian pernicious ane- 
mia. The changes in the sternal bone 
marrow wore particularly closely followed 
in the patient whose laboratory studies 
arc eorrclatetl in Figure 7. Folic acid 
(2 mg. synthetic) was given intravenously 
for 20 consecutive days. A prompt and 
rapid maturation of the mcgaloblasts was 
observed with the restoration of an 


of the extremities was definitely dimin- 
ished with a very evident improvement 
in the subjective sense of well-being; the 
vibratory sense and the Romberg were 
objectively improved by the 21st day of 
therapy. These findings are identical with 
those observed and reported previously in 
patients with pernicious anemia receiving 
optimal parenteral liver extract therapy.®® 
This patient has been maintained in hema- 
topoietic equilibrium and abundant health 
on 20 mg. of synthetic folic acid at fort- 
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nightly intervals since the remission was 
established. 

'While 2 mg. orally of folic acid daily 
were insufficient to appreciably increase 
the peripheral red cell level after 10 days 
(Fig. S) in a white female patient with 
pernicious anemia, in relapse, the mcgalo 
bljists in the sternal bone marrow were 
reduced from 45 to 24 % during this period 
and almost immediately following the 
increase to 10 mg. daily by intramuscu- 
lar injection, a reticulocytosis developed 
(22%), and 25 mg. daily, later, and 
100 units of liver c.xtract failed to indticc 


to this patient with pernicious anemia in 
relapse were suboptimal as revealed when 
the dosage was raised to 50 mg. with a 
secondary reticulocj’te response. 

In 1 patient (Fig. 10) a white female, 
aged 56, with advanced hepatic cirrhosis 
and ascites and with a long alcoholic 
liistorv, we have observed over a period 
of years a chronic macrocytic anemia with 
moderate leukopenia resistant to therapy. 
The hippuric acid excretion is currently 
1.49 gm., prothrombin 2S%, cephalin 
flocculation test -f-l — f-- The erjihro- 
cyte !MCV is 105 c/r, ISICH 27, and the 


O-VMins ADDISONIAN PrPNICIOUS ANEMIA 

07Mt Ba^A^tdWyfi OrslardPartnltral LOisel Eacbr Syothstic and UvtrEilraet 



any significant secondary reticulocyte 
peak. The chief complaint on admission 
in this patient was severe angina pectoris, 
several attacks daily requiring nitrogly- 
cerine for relief. There have been no 
subjective or objective cardiac manifesta- 
tions since the hemoglobin improved. 

Again in Figure 9 it wall be apparent 
that 5 mg. of folic acid given orally daily 


sternal marrow is hyperplastic with an 
ery'throid predominance showing a mo 
erate “left shift” pattern with 5% 
megaloblasts, 17% early erj^hroblasts, 
22% late ery^throblasts and 5S% nonno 
blasts. Folic acid, oral and parenteral, 
has failed thus far to mature these e e- 
ments or correct the macroc.vtosis as bare 
100 units of liver extract concentrate par 
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enterally. The role of the liver in the 
utilization of folic acid may be suggested 
should similar macrocytic anemias with 
megaloblastic arrest secondary to far 
advanced hepatic cirrhosis continue to be 
refractory to this stimulus. 

The combined studies have conclusively 
established at least 2 important and ex- 
tremely significant points: (1) that L. 
casd factor contains a potent anti-anemia 
component completely effective in a var- 
iety of human macrocytic anemias; (2) 
that all of the human macrocytic anemias 
thus far studied, including Addisonian 


day. It has been proven to be therapeuti- 
cally effective when given by any route; 
oral, parenteral, per rectal enema (100 mg, 
per day).^^ In several hypoplastic anemia 
patients, in whom we desired to give a 
maximum single intravenous daily dose, 
we found that 125 to 150 mg, represented 
the top tolerance level without unpleas- 
ant subjective histamine-like, vasomotor 
symptoms. Spies®® reports no untoward 
reactions to 400 mg, daily by mouth. 
Maintenance dosages in patients vdth 
pernicious anemia in full remission have 
thus far varied in our clinic between 20 


EFFECT OF FOLIC ACID IN 

ADDISONIAN PERNICIOUS ANEMIA 
0'77Z0 MZ.<J'63yi' 5 in Relapse, 



pernicious anemia, reflect a common 
mechanism of megaloblastic maturation 
arrest, not primarn or specific to any one 
syndrome, but in every instance sccoyidarp 
to some interference in the avaiiability 
of an essential nutritional complex. 

The effective dosage of L. casci factor 
synthetic in a fully developed, advanced 
macrocytic anemia varies from jiaticnt to 
patient, from as little as 1 to 25 mg, per 


and 40 mg, at 1 to 3 week intervals. 
Minor neurologic signs and symptoms in 
patients in relapse have responded as 
promptly and completely following X. casci 
factor supplements as with potent liver 
extract, and no progressive cord lesions 
have as yet been noted. In those of our 
patients who have developed hypersensi- 
tivity to all liver products, L. casci factor 
synthetic has been substituted in dosages 
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sufficient to innintain an optiimnn hema- 
topoietic equilibrium with, in no instance, 
any intolerance or allergic manifestations 
to (late. Jflioj)atliic marrow liypoplasia, 
myelophthisic anemia, the leukopenia of 
virus infections, and the iron deficiency 
states do not, and would not be antici- 
pated to respond (Tabic 5). Unfortu- 
nately, also the maturational stimulus 
for normal leukopoicsis has failed to affect 
the immature Avhite cells in the acute 


effective by moutli in relatively small 
volume in patients with classical perni- 
cious anemia having diminished or absent 
intrinsic factor; (2) it is effective a-hen 
given parenterally; and (3) its acti\aty is 
not appreciably augmented by incubation 
with normal liuman gastric juice. Is it 
the active anti-anemia principle in liver 
and liver e.-ctract? It would seem unlikely, 
since: (1) the minimum effective dose is 
1 mg., usually 4 to 10 mg. daily, while 


EFFECT OF FOLIC ACID AND TRANSFUSION IN 
ADVANCED HEPATIC CIRRHOSIS 
0-7652 tiO J 56 y/rx with MflcrocytK An«mia . 



and subacute leukemias, in a limited ex- 
perience, but a principle has been estab- 
lished for further elaboration and explora- 
tion in this area. 

There is naturally much speculation as 
to the precise role played by L. casd fac- 
tor in erythropoiesis and pan-marrorv 
hematopoiesis. With the exact chemical 
formula still unrevealed,* analogies still 
may be drawm betw’een this factor and 
the other knonm, essential marrow' stimu- 
lating agents. Does it act as “extrinsic 
factor?” Probably not, since: (1) it is 


potent purified fractions of liver con- 
taining only 0.035 to 0.7 mg. of materia 
per injection”^ have produced adequate 
hematologic effects; (2) L- casci factor 
assay has revealed 0.02 to 0.5 mg- omj 
per 'u.S.P. unit of liver extract;^ (3) th® 
minimal effective oral dose approaches t e 
minimal effective parenteral dose; (4) uo 
evidence of antigenic sensitization has ye 
developed following folic acid. D 
be remembered, how'ever, that, with t e 
recognition of L. casci factor conjuga^ 
reducible by enzj’matic action with t 6 


* " Pteroylglutamic Acid,” Science, 103, 6, 1946 (May 31). 
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release of “free” factor, the mere presence 
in food or gastro-intestinal tract of "folic 
acid” need not mean it is in a utilizable 
form. Moore®^ suggests that the intrinsic 
factor of Castle may be concerned with the 
release in man of the L. cosef factor from 
its combined form. Spies^° offers the 
hypothesis that the anti-anemic factor 
present in liver and yeast is either a 
much larger molecule than L. casci factor, 
or represents a more potent or effective 
combination of chemical substances per 
unit volume. The precise explanation 
awaits further evidence. 

Still more recently Spies^* has reported 
the erythropoietic effectiveness of 2, 4- 
dihydroxy-5-methyl-pyrimidine synthetic 
(thymine), in dosages of 4.5 to 20 gm., 
oral administration, daily with reticulo- 
cyte response and red blood cell recovery 
in human macrocytic anemia. Tlijraine 
is a normal constituent of body cells and 
has been shown to support the growth of 
L. casci. While the quantitative require- 
ments are much greater for equivalent 
bone marrow effects, it would seem prob- 
able that this, too, represents one more 
link in the same chain of evidence, which 
is being currently accumulated. 

Conclusion. In analyzing the increas- 
ing volume and variety of Ijoth clinical 


and experimental studies with “folic acid,” 
as derived from spinach, liver, yeast, other 
natural sources, and now, the sjmthetic 
L. casci factor, it becomes increasingly 
apparent that we are dealing with one of 
the more fundamental molecules essential 
to the normal metabolism of all cell t^^pes 
in marrow, and in young, actively growing 
cells and tissues generally, perhaps. In 
the absence of “sufficient” L. casci factor 
due to extrinsic dietary depriA’^ation, or 
with intrinsic interference in absorption or 
utilization, a more or less marked, specific 
or general, cellular inadequacy develops 
in mammalian bone marrow with the ap- 
pearance of signs and symptoms associated 
with, and dependent upon, the extent 
and specificity of the individual’s needs. 
Many other factors, including infections, 
condition and modify the relative clinical 
stability or instability of each human 
organism. The alert physician must, 
therefore, recognize these variables, and 
exert the maximum of ingenuity in his 
Search for the “balance of power” among 
the knomi or knowable factors in the 
equation, and when this is done, more 
often than not, the problem can, and will, 
be solved. 
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PEIMARY SYS-TEMIC AMYLOIDOSIS: JAUNDICE AS A RARE ACCOMPANIMENT 

By Jack Orloff, M.D. 

AND 

Leonard Felder, M.D. 

NEW youk, new tobk 

(From the Medical Division, Montefiore Hospital) 


Primary systemic amyloidosis is a rare 
pathologic entity and, although first de- 
scribed by Wilks in the Guy’s Hospital 
Report for 1856 as mentioned by Dillon 
and Evans, ^ was only noted 24 more 
times in the literature up until 1939 ac- 
cording to Koletsky and Stecher.® Re- 
cently Lindsay and Knorp*“ in reviewing 
the literature noted 16 more cases, includ- 
ing 1 of their owm. Eight of these had 
appeared before 1939, Since their paper 
Brown and Seltzer,® and Golden® have 
added 2 others. 

At the Montefiore Hospital, New York 
City, there have been 3 cases in the last 
3 years. Perla and Gross*'* in 1935 origin- 
ally reported 3 others from this institution, 
but in retrospect their second case was 
probably secondary to chronic rheumatoid 
arthritis. Of the recent 3 cases, the first 
was a case of primary amyloidosis of 
the heart, the second of the liver, spleen, 
kidneys, gastro-intcstinal tract and blood- 
vessels, and the third of the cardiac and 
striated muscle and of the vessels and 
lungs. Only the second will be discussed 
here because of the very rare finding of 
jaundice of many months duration in man 
with hepatitic amyloidosis and a large 
gastric ulcer. 

IMost authors, including Moschcowitz,*® 
have stated that amyloidosis of the liver 
is cither rarely or never accompanied by 
jaundice. Pcarlman’® and Rosenblatt*" in 
a large scries of cases make no mention 
of its presence. In a study of hepatic 
function in this disorder, Tiber, Pearlman 
and Coheiv® noted no icterus in 30 cases 
personally observed and only 1 case of 
transient jaundice in the records of 100 
patients with severe liver amyloidosis. 


Bannick, Berkman and Beaver,* however 
reported a case of a 44 year old man who 
1 week before death developed obstructive 
jaundice and ascites and at autopsy had 
only generalized amyloidosis of the liver, 
spleen and other organs. There was 
extensive atrophy of the hepatic cords 
between which there was an accumulation 
of amyloid for which there was no appar- 
ent cause. Their third case had a bili- 
rubin of 1.7 mg. with liver amyloidosis 
and a stomach carcinoma. Theirs w'ere 
apparently the first such cases reported 
in the literature, but there was no discus- 
sion of the pathogenesis of the jaundice. 

Recently Spain and Riley*® reported 
another case. They reviewed 50 cases of 
liver amyloidosis and only noted 1 with 
jaundice. This was a 29 year old female 
with chronic pulmonary tuberculosis who 
had extensive liver amyloidosis and devel- 
oped clinical jaundice 1 week before death. 
Unfortunately no bilinibin determination 
was done, although before that time it 
had been normal, as was the cephalin floc- 
culation test. The alkaline phosphatase, 
though, had been elevated to 20 Bodansky 
units. It was their interpretation, after 
renewing the slides of 35 other amyloid 
livers without jaundice and Mth less ex- 
tensive amyloid replacement, that the 
icterus was due to both an actual numeri- 
cal insufficiency of liver cells and a block- 
age of bile canaliculi. 

The other unusual feature in our case 
was a large gastric ulcer. Gastro-intcstinal 
involvement by amyloid is not uncommon 
and symptoms such as diarrhea and 
mclena are often found in this condition. 
Golden® noted that Lubarsch in 1929 
described a case of amyloidosis of tlie 
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had a gastric malignancy with liver metas- 
tases. Supportive therapy did little to 
affect the progressive downhill course, and 
the patient died l-J months after admission. 

Autopsy. The anatomic diagnoses were: 
primary amyloidosis of the liver, spleen, 
kidneys, adrenals, heart, pancreas, lymph 
nodes, testes, small arteries and veins; 
thrombosis of the portal, splenic and supe- 
rior mesenteric veins; thrombi in small 
branches of the pubnonary arteries and 
veins; jaundice; ascites; edema of the lower 
extremities; hypertrophy and dilatation of 
the heart; slight fatty degeneration of the 
heart; congestion and edema of the lungs; 
bronchopneumonia; large chronic ulcer of 
lesser curvature of stomach. 

All of the above-mentioned organs showed 
the typical gross amyloid stain with iodine. 
The liver weighed 5900 gm. and was large, 
firm, friable and pale yellowish brown in 
color. On section the cut surface had a 
dull glistening appearance. The liver 
lobules were distorted and there were small 
areas of hemorrhage. The gall bladder con- 
tained no stones, had patent ducts, and bile 
was easilj’^ expressed into the duodenum. 
The spleen weighed 1200 gm. and was also 
yellowish brown with hemorrhagic areas. 
The stomach was markedly dilated with 
absent rugaj. There was a large gastric 
ulcer, 5 cm. in diameter, on the lesser curva- 
ture. 

Microscopic examination of the liver re- 
vealed extreme amyloidosis with oblitera- 
tion of most of the sinusoids and replace- 
ment of most of the parenchyma. Only 
scattered remnants of liver cords or small 
bile ducts remained in places. The small 
arteries and arterioles showed marked amy- 
loid thickening with narrowing of the lumen. 
There was also an organizing thrombus in a 
large branch of the })ortal vein. In a verj* 
few foci there were bile thrombi present. 
Congo red stain on liver sections was posi- 
tive. Sudan III stain showed fatty degen- 
eration of remaining liver cords. 

The stomach section was taken at the 
edge of a deep ulcer which had extended 
through all the layers of the wall. It was 
of usual chronic tyi^e with Avell-fonned 
granulation tissue, liver adhesions, foci of 
hemorrhage, and infiltration by pla«ma cells, 
lymphocytes and eosinophils. Many of the 


arteries in the ulcer base showed subintimal 
thickening and thrombi. There was present 
what was probably amyloid deposition about 
some of the capillaries in the mucosa and in 
the walls of small arteries in the submucosa. 
The muscle bundles in the muscular layers 
were separated by fibrous tissue or amyloid. 

The rest of the autopsj’' revealed general- 
ized amyloidosis as evidenced by iodine and 
Congo red stains as well as the microscopic 
picture. 

On re^dewing the original biopsy taken at 
the other institution it was found that it too 
demonstrated extensive amyloidosis and 
fatty degeneration. 

Discussion. The overall picture of 
cachexia, hepatosplenoraegaly, obstructive 
jaundice and melena naturally suggested 
a diagnosis of gastro-intestinal malignancy 
with liver metastases and wlien this was 
not confirmed at autopsy it came as a 
complete surprise. 

It is generally stated in the literature® 
that primary amyloidosis affects mainly 
mesodermal tissues, the gastro-intestinal 
tract, smooth, skeletal and cardiac mus- 
cles; that it stains atypically, and that it 
is unassociated Avith any knovm etiologic 
agent. However, as in our case, many®-’®'*® 
have noted amyloidosis of primary or 
idiopathic origin distributed in the par- 
enchymal organs as is more usual in the 
secondary type disease. 

The rarity of jaundice in amyloidosis 
has been well emphasized. Hamilton," 
Drinker® and others® have never seen 
amyloidosis result from welding, although 
transient jaundice occurred on at least 
1 occasion. Among 22G0 autopsy protocols 
at Montefiore, there were 102 cases of 
amyloid disease, none of which had 
jaundice. Lichtman® goes so far as to 
say that when jaundice does occur it is 
due to concomitant cirrhosis or gumma. 

Why jaundice occurred in our case, as 
well as in Banniek’s and in Spain's, is not 
clear. Tlie latter’s contention, that it is 
due to bile canaliculi obstruction plus 
actual cellular in.'^uflicicncy, is supported 
by the paucity of liver cells in our case, 
the pressure atrophy, bile thrombi and the 
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enormous weight of the liver (5900 gm.) 
in comparison with tlie weights of the 
102 livers Avithout jaundice (none over 
3300 gm.). Unfortunately, however, this 
concept does not e.xplain the absence of 
jaundice in similar eases, since other amy- 
loid livers noted at Montefiore had as 
marked a numerical insufficiency of cells 
microscopically.”’ 

The quantitative source of bilirubin 
(hemoglobin turnover) as well as the 
activity of the manufacturing cells would 
seem to be of importance in the patho- 
genesis of jaundice. Many of these pa- 
tients are profoundly anemic so that the 
low hemoglobin as a limiting source of 
bilirubin, when coupled with a deficienc^A' 
of reticulo-endotlielial cells which ordi- 
narily form bilirubin, might e.vplain the 
absence of jaundice. Our patient, in con- 
trast to most cases of amyloidosis, had a 
practically normal hemoglobin. On the 
other hand, his reticulo-endothelial sys- 
tem Avas seriously depleted as shown by 
microscopic replacement of lymph nodes 
and spleen with amyloid and the absence 
of Kiipffer cells in the liver. Thorotrast 
Ausualization according to the method of 
Yater,-* ct al. failed. The interpretation 
of this might aa'cII be that there AA'ere not 
enough reticulo-endothelial cells present 
to take up thorotrast in sufficient con- 
centration to cause Roentgen ray A'isu- 
alization. Apparently, then, the presence 
or absence of jaundice in most cases of 
amjdoidosis may depend upon a balance 
betvA'een a sufficient source of bilirubin, 
actiA'^e reticulo-endothelial cells to form it, 
and bile canaliculi obstruction. Most 
often there is no jaundice because of 
anemia, destroyed reticulo-endothelial cells 
and insufficient amyloid obstruction. 

It is interesting to note the dissociation 
in liA'^er function studies in our case. The 


elcA’ations of bilirubin, alkaline phospha- 
tase and total cholesterol all pointed to 
obstructiA'e jaundice, while the diminished 
hippuric acid synthesis, , low cholesterol 
ester and prolonged prothrombin time 
suggested parenchymatous disease. De- 
spite the latter, the cephalin flocculation 
test, one of the most sensitiA'e indicators 
of hepatocellular dysfunction, was nega- 
tiAm. Perhaps this speaks for an insuffi- 
ciency of gamma globulin as suggested b.v 
Moore d al}^ to e.xplain negatiA'e tests. 

Gastro-intestinal infiltration by amyloid 
is generally extensive in so-called primary 
amj’loidosis, both in the muscularis and 
nutrient blood-A-essels. UTien the latter 
are seA'erely affected, mucosal ulceration 
might conceivahiy appear. In our case it 
was not too obAnous and the ulcer could 
just as AA’ell liaA'c been of the usual idio- 
pathic type. 

It is quite obAnous from a reAdew of the 
literature that the clinical recognition of 
primary amjdoidosis is CA'en rarer than the 
pathologic entity. Many have empha- 
sized the possibility of amjdoidosis in 
obscure hepatosplenomegalies, cases nith 
maeroglossia,-' and anemia. Now, per- 
haps, unexplained jaundice should also be 
Adewed A\dth suspicion and a Congo red 
test’® performed. Unfortunatelj', especi- 
alty in cases of primarj' origin, this may 
be negatiA'e and the diagnosis can then 
onlj' be made on biopsj'. 

Summary. 1. A case of prhnarj' amj'- 
loidosis udth jaundice and a gastric ulcer 
is presented. 

2. The rarity of jaundice in amyloid 
disease of the liver is emphasized by the 
few instances (4 cases) in which that 
association has been reported. 

3. The possible pathogenesis of jaundice 
and gastric ulcer in amjdoidosis is dis- 
cussed. 
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POSITIVE REACTIONS TO THE KAHN TEST FOR SYPHILIS— THEIR 
INCIDENCE AND MEANING IN HEALTHY AMERICAN MEN 

A Survey op 82,070 U. S. Maritime Service Enrollees 

By Iratng J. Wolman, ]\I.D. 

8t7HGEON (n), U. B. PUDUC HEALTH BEHVICE 
BHEEPSHEAD BAV, BROOKLVN 29, ITEVT TOBK 

(Prom the Laboratories of tlic IT. S. Maritime Training Station and the U. S. Public 

Health Service Hospital) 


When a healthy American male ex- 
hibits a positive serologic test for syphilis, 
what is the likelihood of his ha\-ing the 
disease? The present report presents one 
answer to this question in terms of experi- 
ences Atdth the Kahn test at a large semi- 
military training station. Summarized 
are the serologic findings and their clinical 
interpretations in a ivell-studied series of 
82,070 male hlaritime Service enrollees. 
The quota of false positives and sero- 
positive syphilis, congenital as well as 
acquired, may be assumed to be fairly 
tj^jical of conditions e.\'isting in the com- 
parable adult male population of this 
country, within the limits of age, race and 
geographic distribution. 

World War II has been responsible for 
the performance of millions of serologic 
tests for syphilis on Selective SerAuce 
registrants and recruits of the Army, Navy 
and other fighting forces. A number of 
statistical tabulations of the sero-positive 
reactors in various states and fractions of 
states^’^’®’^'*“’^''^'*®'*®’*® are already on rec- 
ord. The largest series as yet reported 
has been that of Vonderlehr and Usilton,*® 
who in 1942 collected and tabulated nearly 
2,000,000 serologic reports from Selective 
SerAUce sources. The prcA^alence of syph- 
ilis for the whole country oA’-er the age 
period, 21 through 35, was calculated as 
45.3 per 1000. This figure was based 
exclusively upon positiA*e and doubtful 
blood tests. The true rate Avas then esti- 
mated as being closer to 47.7 per 1000, 
to allow for the fact that not all syphilitic 
cases give posith'e blood responses. The 
preA'alence of false positiA’'es was not 
evaluated. Lowest rates for syphilis were 


found for these areas in AA’hich most of 
oim oAATi subjects AA’ere recruited, namely, 
Ncav England, the North Central, and the 
jN'Iiddle Atlantic groups of states. 

That serology per sc cannot be de- 
pended upon to pick out CA'ery case of 
syphilis, AA-as aa’cII brought out in the 1941 
CA'aluation of State Laboratories.^' The 
• criterion of skill, as chosen, was the ability 
to demonstrate positive reactions in blood 
from knoAA-n syphilitic subjects. In suc- 
cess these laboratories ranged from 61.3 
to 81.3% AA'ith the Kahn Standard test; 
from C5.C to 83.9% nith complement 
fixation techniques; and from 70.3 to 
83.5% Avith the Kline Diagnostic precipi- 
tation test. The existence of a sero-nega- 
tiA’e fraction ndthin the total population 
must be kept in mind AA'hen considering 
statistics gathered from serologic sources. 

The present surA'-ey differs from most 
of the others. More attention has been 
dcA'oted to distinguishmg between true 
and false positiA’’e reactions and between 
acquired and congenital syphilis. Alj 
interpretations of sero-positiAuty are based 
upon careful clinical AA'ork-ups by a well- 
organized A^enereal disease clinic. 

Modern syphilologists are trained to 
A'iew CA’ery' sero-positiA-e indiAudual with 
the highest suspicion. This aggressne 
approach embodies the accumulated tradi- 
tion of American medical thought, an 
through the y'ears has proved highly 
efficient in stimulating the detection o 
latent cases needing treatment. Since 
the outbreak of World War II, hoAi'ever, 
the awareness is gro-nung that diverse 
other conditions often give rise to non- 
syphilitic positiA-e responses. As a conse- 
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quence, it is now being counselled that 
sero-positive individuals who are negative 
clinically should not receive antisyphilitic 
treatment unless their blood reactions re- 
main constant for a minimum of several 
months without drop in titer; and then 
only when all other known causes of false 
positive reactions have been painstakingly 
excluded^’ 

Blood reactions positive from causes 
other than syphilis fall into 2 logical divi- 
sions: those due to faulty technique in 
collection or testing of the specimens (usu- 
ally called “technical false” positives); 
and those due to non-syphilitic reactive 
substances actually present in the serum 
(usually called “biological false” or “non- 
specific” positives). 

Positives resulting from faults in collec- 
tion or testing originate from mislabelling, 
bacterial contamination, hemolysis due to 
improper collection and storage, faulty 
controls, inaccurate readings, defective 
reagents, the addition of oxalate or citrate, 
clerical mistakes, and so forth. It has 
been customary to ascribe to such causes 
those instances in which a positive reac- 
tion of strong or weak intensity is encoun- 
tered only once. Such usage merits serious 
reconsideration in the light of recent ob- 
servations that the weak sero-positivity 
associated with non-syphilitic ailments 
may last but 1 or 2 weeks. 

Positive reactions of non-syphilitic ori- 
gin may be associated with any one of a 
wide variety of infectious diseases — among 
which may be mentioned yaws, leprosy, 
malaria, infectious mononucleosis, measles, 
upper respiratory infections, vaccinia, and 
the bacterial and “\dral” pneumonias. 
Kolmcr,** Davis,’ and Bcermaid have 
recently re-evaluated the immunologic 
literature on this subject. “Attempts to 
find consistent empirical phy.'jieo-chemieal 
ditYerenees between syplVilitic and fake 
podtive sera have thus far failed.”’ 

The first large-scale analysis of the inci- 
dence of non-syphilitic positive reactors 
among otherwise normal indi\'idua!s was 
that of Kagle.’ In 1911 Pagle reported 
on screening tests of 4f),r)bo male and 


female students in 1.5 American colleges. 
The initial testing uncovered 190 positive 
specimens, but 128 could not be confirmed 
by a second blood examination. These 
128 were classified arbitrarily as due to 
laboratory errors in technique, possiblj" 
without , significant justification. The 
interval between tests was not stated. 

Of the 62 students whose responses re- 
mained persistentljf positive or doubtful, 
26 were found to be either actively syph- 
ilitic or recipients of previous antisyphilitic 
treatment. Remaining were 36 “doubt- 
ful” students with no clinical signs or 
known history of syphilitic infection, a 
prevalence of 1 in 1 125 (0.09 %). Of these, 
15 came from 7 schools (5783, total enroll- 
ment) which had 11 cases of syphilis. 
At the other extreme, in 10 schools (11,287, 
total enrollment), with no proved case of 
syphilis, only 1 student had a positive 
serologic test. 

To these relationships, the author ap- 
plied the coefficient of correlation and de- 
rived a “corrected” prevalence for bio- 
logic false positive reactions of “less than 
1 in 4000.” This “corrected” estimate 
has received wide acceptance in text-books 
and reviews, but the methodology em- 
ployed may be subjected to criticism. Not 
all 36 members of the “doubtful” group 
were followed for a 3 to 6 month period 
to see what happened to their serologic 
reactions. The largest college had 6 syph- 
ilis and 12 “doubtful” cases, an incidence 
greatly different from that of the otb.er 
schools. If this outlying datum had been 
excluded from the calculations, only the 
slightest relationship between tlie 2 kinds 
of responses would have been demonstra- 
ble. Nor does a given correlation coeffi- 
cient between 2 serologic variables indi- 
cate that a definite percentage of 1 belongs 
with the other. In fact, there is a grave 
question, statistically speaking, whether 
the coefficient of correlation technique is 
applicable to such data. To report the 
initial prevalence value as 1 in 1125 would 
.seem more ad\dsable than to introduce 
this corrective computation of doubtful 
validity. 
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Mention maj’- be made also of the report 
of Stokes cl on the serology findings 
among 210,261 Red Cross donors tested 
at the Philadelphia Blood Donor Center 
in 1944. Only 489 (0.23 %) gave definite 
positive reactions to serologic tests for 
sj'philis, of whom 59.5% were adjudged, 
after exhaustive study, to be of a non- 
sj^shilitic nature. The pre\"alence of such 
non-syphilitic positive reactions, therefore, 
averages 1 in 708 in this series. 

Procedure. The 82,070 subj'ects of our 
study were recruited in the northeastern 
United States, in the segment extending 
from New England down to and including 
North Carolina and as far west as the 
HL'ssissippi River. The series comprised 
every basic-training enrollee reporting 
between June 1, 1943, and July 1, 1945. 
Approximately 60% were between 16 to 
20 years of age, and another 30% were 
between 21 and 30; their age distribution 
is indicated in Tables 2 and 3. They 
came from every economic and social level. 
Nearly all were white. Preliminary' sero- 
logic testings at the time of their enlist- 
ments were not done, and the maj'ority 
had never preriously been given a "blood 
test.” 

Since the Kahn test is utilized by the 
United States Navy' and procedures with- 
in the Maritime Service are in general 
patterned after those of the Na\'y, the 
Kahn test was adopted for the serologic 
screening of these men for sy'philis. Con- 
clusions drawn with regard to sero-posi- 
tive reactions are, therefore, based upon 
the results of this test. 

Blood specimens were taken wthin 
48 hours of arrival. The specimens were 
subj'ected to the Kahn Standard test, or 
to the Kahn Presumptive test, followed 
by the Standard test on all suspicious and 
positive reactions. These tests were done, 
as a rule, on the 1st or 2nd days after 
collection, although uncontrollable fac- 
tors at times made delay's necessary'. 
■RTbenever the reaction was positive, 
doubtful, or difficult to read, the Kahn 
test was repeated. At the same time a 
duplicate specimen of blood was sent to 


the Venereal Disease Research Laboratory 
of the U. S. P. H. S., U. S. Marine 
Hospital, Staten Island. There the sera 
was checked by' a serologic “battery” of 
7 precipitin and complement fixation tests 
— the Kahn Standard, the Kolmer Com- 
plement Fixation, the Kline Diagnostic, 
the Kline Exclusion, the Eagle Floccula- 
tion, the Hinton Flocculation and the 
Mazzini Flocculation tests. 

The serologic “battery” furnishes a 
broader picture of the senun reactirity 
patterns than any' single test procedure. 
Sera with a strong content of reactive 
substances are positive to all tests. Posi- 
tive sera from treated and non-syphilitic 
indiriduals often give weak, doubtful, or 
negative readings with some of the tets 
and negative findings with others. Jlaho- 
ney'® has pointed out, and our results also 
indicate, that the distribution patterns 
from different indiriduals may be diverse 
and non-uniform. 

The reliability' of the Kahn technique 
in our laboratory' was controlled by com- 
parisons of all positive reports with the 
results of parallel Kahn tests made by' the 
Venereal Disease Research Laboratory. 
Apart from minor variations in degree of 
positivity in borderline sera, the reports 
from the 2 laboratories seldom conflicted. 

Ev'ery subj’ect w'ho show'ed any' positiv- 
ity' with the repeat Kahn or with any o 
the battery' components w'as studied clin- 
ically' by' a trained sy’philologist, to etab- 
lish the presence or absence of sy'philis- 

Terminology. Simple and unconfusing 
terms hav'e been chosen for classifying the 
positiv'e reactions. “Positiv'e reactions o 
questionable reliability'” seemed an ap- 
propriate designation when sero-positiv'itj 
was found once only', for the reason that i 
is obj'ective and non-interpretative. t® 
call such instances "technical false posi 
tives,” as is often done, w'ould be shutting 
one’s eyes to the possibility' that serologi- 
cally reactiv'C substances may' have been 
transitorily present only at the time o 
the first test. Furthermore, the term 
"technical” implies an error on the p _ 
of technician or laboratory', whereas, m 
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actual fact, the hemolysis which gives rise 
to most extrasomatic positive reactions 
originates in the physician’s venepuncture. 

“Non - syphilitic positive reactions” 
seemed a good descriptive term for the 
repeated finding of sero-positivity in indi- 
viduals, when diagnostic study could not 
estaldish the existence of syphilis. Such 
reactions are at times referred to, more 


syphilitic. Those who show a persistently 
positive test are regarded as syphilitic, 
and all others still showing conflicting 
serologic reactions are subjected to further 
observation and study.” 

In the study of these cases, syphilis and 
the other diseases known to evoke sero- 
logic responses were searched for carefully 
when recording the history and in the 


Table 1.— Diagnostic Classification of Positive Sehologic Reactions (With the Standard 


Kahn Test) Shown by 82,070 Enrollbes 


All 

enroUees 

Diagnosis No. (%) 

J, Single positives of questionable reliability . . . 257 0.33 

2. Non-sypliilitic positives . 8G 0.105 

3. Indicative of congenital syphilis 41 0.05 

4. Indicative of acquired syphilis 260 0.32 


Adequately 

studied 

positive 

reactions 

(%) 

S9.9 

15. 4 
C.4 

10.5 


Subtotal of adequately studied cases _ . 

5. Inadequately studied cases (unclassified) 


GU 0.78 iOO.O 

134 0.18 


Total 


778 0.05 


euphemistically, as “biologic false” or 
“non-specific” positives. The criteria for 
all diagnostic categories are discussed in 
the ensuing paragraphs. 

Criteria and Results. Of the 82,070 
consecutive specimens, 778 (0.95%) were 
read as positive or doubtful. A tabulation 
of the clinical diagnoses arrived at after 
more detailed study is given in Table 1. 

1. Positke Reactions of Questionable Re- 
liability. Since “a single positive report 
cannot be considered valid evidence of 
syphilis or a biologic false positive reac- 
tion,”^ all men wliose initial specimens 
were reported positive and whose repeat 
tests were all negative, were released from 
supervision without further follow-up. 

Tlie group was comprised of 257 individ- 
uals, about 40 % of all enrollces adequately 
studied. Only 31 (roughly 12%) were 
strong reactors (4-f , 34-). The remainder 
gave weak or partial reactions (2-1-, doubt- 
ful l-h, doubtful negative ±). 

2. Non-syphilitic Positives. The dispo- 
sition of sero-positivc indii-iduals with no 
clinical manife.stations of syphilis was, in 
general, that of the Venereal Disease Con- 
trol Branch of the .Vrmy.'' After 3 months 
of serologic observations, "men whose 
serologic reaction reversed to negative are 
discharged from observations as non- 


physical examinations. The patients’ 
reactions were followed bi-weekly by 
serologic battery and quantitative Kahn 
tests. When the titer remained constant 
or manifested a rise the disposition was 
deferred for at least 3 months before the 
diagnosis of syphilis was seriously enter- 
tained. Wien the titer fell progressively 
without treatment, in the absence of any 
other reason to suspect syphilis, the case 
was classed as non-syphilitic positive reac- 
tion. Cerebrospinal fluid specimens were 
taken when the blood reactions remained 
persistently positive. The presence of 
syphilis in the wife, children, or parents 
could only be investigated occasionally 
since few trainees had their families witli 
them. Doubtful instances which could 
not be observed for a full 3 months, and a 
few in whom the diagnosis was still uncer- 
tain after 3 months, have been classed as 
“inadequately studied.” 

Of the total series of enrollces, 86 
(0.105%) were diagnosed as non-syphilitic 
positive reactors. This figure represents 
13.4% of the group of positive cases ade- 
quately studied. 

In this series of subjects, the blood 
specimens for serology were collected prior 
to the prophylactic inoculations given new 
arrivals. Therefore, the influence of such 
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injections in eliciting positive reactions 
was in effect only with the small minority 
of trainees who were enlisting in the Mari- 
time Service freshly after release from the 
Army or Navy, 

3. Congenital Syphilis. Syphilis was 
classified as congenital when the subject 
gave a history of ha\'ing positive serology 
tests or receiving specific treatment dur- 
ing early childhood; or with stigmata such 
as iritis, keratitis or deformed teeth, 
which Avere rarely seen. A corroboratory 
story Avas often obtained of the parents 
or other siblings also receiAung treatment. 
No patient was placed in the congenital 
class if he gaA^e a history or e.xhibited any 
clinical eAudences of chancre, secondary 
rash, or other phenomena of acquired 
disease. 

The diagnosis seemed well established 
in 41 of the full series (0.05%). This 
represents 6.4 % of the well-studied cases. 

4. Acquired Syphilis. The nomencla- 
ture of the Bureau of Social Hygiene of 
the City of New York- aa'hs utilized for sub- 
classification : 

“A. Prijiart. EA-idence of chancre 
Avith or without palpable drainage node. 
Darkfield positiA*e — serologj' may be either 
negatiA^e (sero-negative primarj^) or posi- 
tive (sero-positiA’e primary). 


ment. If duration is unknoAATi, patient 
less than 25 years of age. 

“D. Late Latent. (AsjTnptomatie.) 
PositiA^e serology and no detectable clini- 
cal signs or symptoms. Infection of 4 or 
more years duration, A\'ith or Arithont 
treatment. If duration is unknoAvn, pa- 
tient 25 years of age or more. 

“ E. Late. Demonstrable clinical signs 
or sjTnptoms of syphilis of cardioA-ascular, 
cerebrospinal, cutaneous, osseous, or other 
organs and tissues. Confirmatory serol- 
ogy) spinal fluid, or Roentgen e-xamina- 
tions.” 

A total of 260 cases of acquired syphilis 
were recognized, representing 40.3% of 
the group, of cases adequate!}' studied. 
The incidence of the A'arious stages is 
listed in Table 2. More than half of the 
cases, 149 of the 260, were in the latent 
stage. 

5. Inadequately Studied. This category 
comprises all men who left the training 
station before a reasonably e.xact diagno- 
sis could be made. The chief factor 
responsible for the largeness of this ^oup 
was the sudden mustering out of trainees 
AA’hich would take place whenever the 
need for more men by the merchant marine 
suddenly became pressing. In such urgen- 
cies a weakly positiA'e Ralin titer aa'OS not 


Table 2. — Age Gboup Disthibbtion or Acquired Sa'philis Cases 


Age 

No. 

enrollees 

Primarj' 

(No.) 

Secondarj’ 

(No.) 

ISarly, latent 

Late, latent 

Late 

Total 

groups 

(yrs.) 

No. 

% 

No. 

% 

No. 

% 

No. 

/C 

0.12 

0.40 

16-20 . . 

. 50,437 

0 

3 

52 

0.10 

5 

0.01 

3 

0.01 

61 

44 

63 

21-25 . . 

. 11,950 

0 

1 

34 

0.28 

7 

0.06 

2 

0.02 

0 54 

26-30 . . 

. 11,930 

0 

0 

37 

0,31 

23 

0.19 

3 

0.03 

0 S9 

31-35 . . 

5,419 

0 

0 

21 

0.39 

23 

0.42 

3 

0.06 

47 

45 

1.90 

36 and over 

. 2,334 

0 

0 

o 

0.21 

35 

1.50 

3 

0.21 

Totals . 

. 82,070 

0 

2 

149 


93 


16 


260 

0.32 

% of all 82,070 enrollees 

0.0 

0.002 


O.IS 


0.11 


0.22 



“B. Secondary. EA'idence of cutane- 
ous, mucous membrane or mucocutaneous 
lesions Avith symptoms of generalization, 
such as adenopathy, early eye invoK-ement 
or early central nerA'ous system inA'asion. 
Wassermann positiA’e. 

“ C. E.4KLT Latent. (AsjTuptomatic.) 
Positive serology and no detectable clinical 
signs or symptoms — infection of less than 
4 years duration, Avith or vi-ithout treat- 


deemed a cogent cause to detain a man 
from being shipped out. These men Avere 
adAused to report to a physician on return 
from sea. So far as is knoAA'n, no indiA'idua 
A'oluntarily disenrolled because of a posi- 
tiA'e serology finding. , 

The membership of the unclassi e 
group was found to possess the same age 
group distribution and the same ratio o 
weakly to strongly positive reactions, 
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within the range of normally expected 
variation, as did the total series of cases 
adequately studied. It is a reasonable 
presumption, therefore, that for this un- 
classified group the diagnostic breakdowm 
was essentially the same as for the series 
adequately studied. The absolute figures 
thus far given for the various diagnostic 
sub-groups may accordingly be augmented 
fiy ■ 5 ^ (20.6%) in order to have a more 
accurate picture of the frequency of the 
various diagnostic categories Avithin the 
total population of enrollees. 

Comments. The Age Faofor. Tables 2 
and 3 list the incidence of the several con- 
ditions discussed in this paper, arranged 
according to age group class intervals. 

The S6 non-syphilitic positive reactors 
e.xhibited no significant change from age 
group to age group, which suggests that, 
as a general principle, the biochemical 
influences which give rise to transitorily 


tion— early latent sj'philis in the men 
36 years and older— statistical computa- 
tion shows that the decline in prevalence 
lies within the possibility of chance occur- 
rence. 

Inasmuch as the Selective SerAuce statis- 
tics AAdiich haA'e been or AAall be compiled 
do not include ages 16 and 17, the years 
of late adolescence, more detailed data 
for the age group 16 to 20 years are 
presented (Table 4). The non-syphilitic 
positiA'^e reactions show no significant 
change Avith relation to year of age. 
Acquired syphilis on the other hand Avas 
almost non-existent at 16 years but rose 
sharplj"^ AA'ith the succeeding years. 

Serologic Patterns of False Positive Reac- 
tions. Table 5 is a comparison of reactiA'- 
ity of the 7 member tests of the battery 
to positive non-syphilitic sera. 

In considering this comparison, one must 
keep in mind that the sero-positiAuty of 


Tadi.e 3.— CoMPAnATivE Distridutions of Non-syphilitic Positive Reactohs and of 
S i-PHir.is Cases in Relation to Age Groups 


Non-sypliilitic ConRi'nilnl Acq\iircd Total 

Arc positives syphilis syphilis syphilis 


Rroups 

No. 



— — ^ 






.. 

(yrs.) 

cnrolloos 

No. 

% 

' No. 

% 

' No. 

% 

No. 

% 

10-20 . . . 

. .')0,437 

57 

0.11 

27 

0.05 

Cl 

0.12 

88 

0.17 

21-2,'. . . . 

. n.O'jO 

11 

0.09 

9 

0.08 

44 

0.37 

53 

0.44 

20 -.AO , . . 

. 11.930 

11 

0.09 

3 

0.03 

03 

0.53 

00 

0.55 

:u .sr) . . . 

.'>,419 

0 

0.11 

1 

0.02 

47 

0.87 

48 

8.90 

30 niid over . 

2,334 

1 

0.04 

1 

0.04 

45 

1.93 

40 

1.97 

Totals , 

. 82,070 

80 

0.10 

41 

0.05 

200 

0.32 

301 

0.37 


Taih.e -1.— Comparative Distribution of Non-syphilitic Positive Reactors and of 
Cases of Acquired Syphilis Within the Age Group 1G to 20 Years 


Acquired Kon-syphilitic 


Arc 

(}■!.«.) 

No. 

onrollcc,'! 

sjqihilis 

positives 





No. 

% 

’ No. 

% 

IG . . 

. . 12.0S4 

0 

0.02 

7 

0.00 

17 . . 

. . Kl.OSG 

13 

O.OS 

21 

0.13 

IS . . 

. . 14,Sr.9 

22 

0.14 

24 

0.10 

19 . . 

. . 3.S03 

14 

0.40 

3 

O.OS 

20 . . 

. . 3.005 

10 

0.33 

n 

0.07 


positive rcsponse.s arc actiA’e independently 
of the age factor in adult males. 

In congenital syplu'lis the age groups 
also shoAV a distriliution Avhieh appears to 
be entirely random (Table 3). Tlii.s to-be- 
expected relationship vouches for the 
accuracy of the diagnosc.s made. 

.Acquired syphilis, in contrast, increased 
Avitli ascending age. This relationship 
held for the sub-groups as avcII as for the 
total group. .As for the 1 ajiparent excep- 


these individuals was detected originally 
by the Kahn Standard test, in other 
.specimens collected 2 days to 3 months 
earlier. Positii'c Kahn reactions, as ex- 
pected. had the highest prcA'alence. Posi- 
tiA-e Alazzini reactions Averc the next most 
numerous. The Kolmer complement fixa- 
tion test excited less positiA'e reactions 
than did any of the flocculation tests. A 
similar lack of “false” rcactiA-ity aa-iiIi 
the Kolmer test had been noted by Reim 
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and Elsberg'^ wlien they surveyed, with 
a 6-test battery, soldiers Avbose sera had 
become transitorily positive in the course 
of vaccinia, primary atypical pneumonia, 
and upper respiratory tract infections. 
These authors commented that in leprosy 
and malaria, by contrast, the complement 
fi-vation tests may demonstrate a higher 
prevalence of sero-positivity than v'ill the 
flocculation tests. 


proportion of the positive reactions en- 
countered in the initial test may have 
been positive, not because of extraneous 
causes, but because their sera at the time 
of the first test contained reactive sub- 
stances which had faded away by the 
time of the second test. If we assume 
that these statistical influences are mutu- 
ally neutralizable, the total prevalence of 
non-syphilitic positives in our series may 


Table 5 .— Comparative Reactivity op Sera From 73 Patients Diagnosed as “Non- 
syphilitic Positive" to Standard Serology Tests 


No. 

sera 

Name of test* tested 

Kahn Standard 120 

Mazzini Flocculation 119 

Kline Exclusion 55 

Hinton Flocculation ...... 109 

Kline Diagnostic . 52 

Eagle Flocculation . 114 

KolmcrCompIemcntTijcatfon . . . 1J4 


Dbtfl. and weakly 

positive Strongly positive 

Negative (2-f and Jess) (3-f,4+) 


No. 

% 

No, 

% 

No. 

% 

29 

24 

53 

44 

38 

32 

41 

37 

50 

42 

25 

21 

24 

43 

12 

40 

9 

17 

68 

62 

21 

10 

20 

19 

33 

63 

14 

27 

5 

10 

80 

70 

13 

10 

21 

20 

96 

84 

8 

7 

10 

9 


* Arranged in order of decreasing reactivnty. 

All individuals were detected originallj' by the Kahn Standard test. Ever>' serum listed here was "positive, ii 
only weakly so, to at least one of this battery' of tests. Not every' test nns always performed on each specimen. 


Incidence of N on-sy-pliilitic Positives. It 
is conceivable that some of the individuals 
placed in this group had latent syphilis, 
unknown to themselves, or perhaps were 
deliberately concealing a history of pre- 
vious antisyphilitic treatment. The num- 
ber of such syphilitics erroneously termed 
non-syphilitic positives can only be pre- 
sumed. The size of the estimate depends 
upon one’s index of suspicion. However, 
inasmuch as the prevalence of non-syphil- 
itic positive reactions (as diagnosed) was 
essentially uniform, regardless of age, in 
contrast with the prevalence of acquired 
syphilis, which rose concurrently nath ad- 
vance in age, it may be presumed that the 
number of unrecognized instances of syph- 
ilis mistakenly placed in the non-syphilis 
group was probably not appreciable. 

Some of the trainees who gave positive 
or doubtful reactions on arrival might 
have been found negative on later study 
were it not for the stimulating effect of 
the multiple inoculations (against typhus, 
smallpox, typhoid and paratjqjhoid, tet- 
anus, yellow fever) which w^ere given coin- 
cidentally with the follow-up serology 
tests. Conversely, a certain but unknown 


be taken as 13.4% of 778, or 104; ap- 
proximately 1 in 790 for the total popula- 
tion. This rate is somewhat higher, 
though of the same order of magnitude, 
as Eagle’s “uncorrected” rate of 1 iu 
1126 college students^ and is essentially 
the same as the prevalence in Stokes 
series of 1 in 708 Red Cross donors.'® 
Weak vs. Strong Reactions. The strength 
of the reactivity was related to the oc- 
currence of syphilis as follows: Of 345 
weakly positive specimens only 65 (18.8 %) 
were adjudged due to syphilis. Of 299 
strongly positive reactions, 236 (78.9 %j 
w'ere adjudged due to S 3 'philis (Table 6, 
Fig. 1). To generalize from these data, 
a weakly or partially positive reaction 
with the Kahn Standard test means t a 
the probabilities are 4 out of 5 t a 
syphilis cannot be demonstrated by cam- 
ful study. Conversely, a strongly positive 
reaction means that the probabilities are 
4 out of 5 that a syphilitic infection is 


clearly present. 

Prevalence of Syphilis. The prevalence 
of sero-positive syphilis in this series was 

approximate! 46.7 % of 778, or 363 > t is 
gives a rate of 4.4 per 1000 and is ap- 
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proximately one-tenth of that estimated 
by Vonderlehr and XJsilton^® for the 
northeastern United States, Their compi- 
lation comprised all males between 21 and 
35, whereas 60% of the men here sur- 
veyed were of age 16 through 20, when 
syphilis is at its lowest. Moreover, 
Negroes formed but a small fraction of 
our series. 


It will be recalled that in Stokes’ series 
only 40,5% of the Red Cross donors with 
positive reacting bloods were finally judg- 
ed to have syphilis. 

Summary. A survey has been made of 
the incidence and meaning of 783 positive 
reactions to the Kahn Standard serologic 
test for syphilis, encountered in a popu- 
lation of 82,070 consecutively examined 


TABI.B 6.— Dibtbib-dtion or "Weak a-nd Strong Seroeogxc Restonses (to Standard 
Kahn Test) Within the Different Diagnostic Groups 


Original Kahn test Original Kahn test 

weakly positive strongly positive 

(ncg. dbt. dbt. i + , pos. 2+) (3+,4+) 


Single positives of questionable reliability 
Non-syphilitic positives . . 

Indicative of congenital syphilis 
Indicative of acquired syphilis . . . 

Subtotal of adequately eludicd cases . 
Inadequately studied cases (unclassified) 

Total 


No. 

% 

226 

88 

54 

63 

11 

27 

54 

21 

SiS 

54 

75 

SO 

420 

54 


No. 

% 

31 

12 

32 

27 

30 

03 

200 

79 

290 

46 

59 

44 

358 

46 


700-1 STRONGLY mi WEAKLY f 
POSITIVE ■■ POSITIVE L 

600- 

500- 


400-1 



POSITIVES OF NON-SYPHIUTIC CONGENITAL ACQUIRED 
QUESrOf4AB£ POSITIVES SYPHILIS SYPHILIS 
RELIABILPTY 


Fio. 1. — Graphic presentation of the distribution of the diagnoses made after clinical study of 
all positive Knhn reactors encountered among the 82,070 consecutively examined cnrollecs. "Strongly 
Positive” refers to those whoso first tests were road ns 3 -p or 4 -f. "Weaklj* Positive" comprises nil 
with titers read ns 2-f or lower. 


Another reason for the difference prob- 
ably lies in the criteria used for diagnosis. 
The above authors, and the others cited 
in the introduction of this paper, based 
their diagnoses primarily upon the results 
of serologic tests, whereas in this series 
the presence or absenec of confirmatory 
findings in history and physical examina- 
tion were also taken into consideration. 


male Maritime cnrollees aged 16 to 54 
years. 

Diagnostic study of the men ndth posi- 
tive sera indicated (in round numbers): 
40 % had single positive reactions of ques- 
tionable authenticity, 13 % had non-syph- 
ilitic persistently positive reactions, 7% 
had congenital syphilis, and 40% had 
acquired syphilis. The rates for non- 
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syphilitic positive reactions and for con- 
genital sj'philis were essentiail}' constant 
■noth ail age groups. The rate for acquired 
syphilis increased progressively with ad- 
vance in j'ears. 

Thus, in one laboratory’s experience, the 
findings of a positive or doubtful response 


to a Kahn Standard serologic test led to 
the diagnosis of syphilis in 47 %, or less 
than half, of a group of healthy American 
men. Weakly positive reactions proved to 
mean syphilis in only 20% of the group, 
whereas strongly positive reactions proved 
to mean syphilis in 80% of the group. 


The majority of patients with positive serologj* here described were studied and diagnosed by 
Dr. John J . Kobes, Surg. (R) , U. S. P. H. S. The serologic battery was performed under the direction 
of Dr. J. F. Mahoney, Medical Director, U. S. P. H. S. I am indebted to both of these energetic 
syrnhilologists for making their records available, and also to Dr. John Fertig, Professor of Biostatis- 
tics, Columbia Universitj', for critical appraisal of the statistical comments in this paper. 
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INTESTINAL PARASITES DIAGNOSED AT AN ARMY GENERAL HOSPITAL 

IN THE SOUTH PACIFIC 


By 2nd Lt. Meyer Zarrov, Sn.C., A.U.S. 

AND 

Major Harold RmaN, M.C., A.U.S. 

8th general hobpitae, apo 502 
(From the 443rd Malarial Survey Detachment) 


With the onset of the war in the Pacific 
area, an increase in intestinal parasitic 
infection had been expected by medical 
practitioners, parasitologists, and other 
laboratory workers. Over a period of 
2 years, a large number of patients, who 
have had duty in various islands in the 
South Pacific, have been admitted to a 
general hospital in that area for varied 
elinical conditions. During the course of 
their hospitalization, it has been possible 
to examine a number of these patients for 
intestinal parasites, and ultimately to ana- 
lyze the incidence of both protozoan and 
helminth infections. Further, as a result 
of this work, it has been possible to com- 
pare our results with surveys carried out 
by various workers"'*'®'*®'*”'’'’ among per- 
sonnel in different locales in the United 
States, in South America, and in the South 
Pacific. Mumford and Mohr** have, in a 
very excellent tabulation, given the type 
and the distribution of parasites in the 
islands of the South Pacific. We believe 
that our analysis may help in keeping 
this information up to date. 

Material and Methods. Our material is 
based upon stool studies from soldier pa- 
tients wlio have spent up to 3 years in the 
various islands in the South Pacific area. 
The patients varied both in duration and 
degree of exposure and in the islands in 
which they resided. These patients arrived 
from other medical installations usually with- 
out a previous laboratory diagnosis. Exam- 
ination for intestinal parasites wore carried 
out on these patients because of (a) clinical 
findings suggestive of parasitic infection, (6) 
elevated eosinophil count, (c) fever of un- 
known otiolog}', ((I) previous diagnosis of 
.an intestinal parasitic infection; in this final 
group, some had been given previous therapy. 

vou NO. a—srrrr.unrn, ISJG 


Stool examinations were carried out by 
direct smears using both saline and D’An- 
toni’s iodine.® It was customary to run a 
routine iodine stained smear on ei'^ery stool. 
Saline smears were made on all fluid stools 
and at least once for each patient, regardless 
of the consistency of the stool. In addition 
to the direct smears, a simplified procedure 
of the Faust concentration method'' was car- 
ried out routinely. A suspension of a small 
particle of a stool made in zinc sulfate (sp. 
gr. 1.180) was filtered through several layers 
of gauze into a shell vial. This vial was 
filled to the top with zinc sulfate. A cover- 
slip was then placed over the top of the vial 
and permitted to remain in contact ■ndth the 
zinc sulfate for 45 minutes. It was then 
removed and placed on a slide and examined 
with the aid of the iodine stain. In addition 
to the above routine procedures, permanent 
smears were obtained in cases of doubtful 
identity. These smears were fixed in 
Schaudinn's fluid and stained 'with Heiden- 
hain’s hematoxjdin. A further technique 
utilized was a modification of the Baermann 
procedure' for the detection of helminth 
larvrc. This technique was emplo 3 md in 
suspected cases of Strongjdoides. A large 
particle of the stool was placed in a small 
wire meshed basket lined with gauze. This 
was then placed in a funnel and a volume 
of water added so that the entire stool speci- 
men was just submerged. After incubation 
for 12 to 24 hours, 10 ml. was drawn off, 
centrifuged, and examined for larva;. In 
special instances, the swab method of van 
Hofe" was used for the detection of Enter- 
oMus vcrmicularis. Proctoscopic swabs were 
obtained at the discretion of the ward officer 
and sent to the laboratoiy' for examination. 
Direct saline smears were alwaj's made from 
those specimens and examined immediateh' 
for trophozoites. 

Results, (a) Protozoa. This series in- 
volves a total of 4.32.3 stool examinations on 
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1114 patients, with an average of 3.8 exam- 
inations per patient. Table 1 reveals the in- 
cidence obtained in this survey. Our results 
for Endamceha histolytica (4.9 %) are com- 
parable with those of Boeck and Stiles for 
the United States and indicate onlj' a 
slightly higher incidence of amebiasis. 
This figure is definitely lower than the 
value of 8.09 % obtained bj' MarkelP® for 
E. histolytica. The results on the incidence 
of the other protozoans compare favor- 
ably with those of Markell. Low inci- 
dence for Giardia may be explained by 
the fact that many of these patients have 
received atabrine, which is an effective 
therapeutic agent in giardiasis (Love and 
Taylor’). We should like to point out 
that there is a low incidence for the other 
intestinal flagellates. It may be possible 
that these forms, like Giardia, are sus- 
ceptible to atabrine. 


bility of the presence of this organism as a 
contaminant. 

During routine microscopic examina- 
tions of many specimens of gastric fluid 
and bile, several cases harboring parasites 
were discovered. Two were found with 
Trichomonas hominis, 2 with Enkromonm 
hominis, and 1 with Emhadomonas mies- 
tinalis. One biliary' drainage was obtained 
showing tremendous numbers of Giarim 
lamblia. 

(b) Helminths. The incidence of hel- 
minth infections is based on a series of 
3415 patients. In this group, a total of 
11,358 stool examinations were carried out 
wdth an average of 3.3 stool examinations 
per patient. The data (Table 2) indicate 
a definitely higher incidence of hooknorm 
infection as compared mth the reports 
from the United States. We obtained an 
incidence of 13.2 % for hookworm as com- 


Table 1. — Incidence of Intestinal Protozoa of Man 


Author: 

Boeck 
and Stiles 

Hopp 

Locale: 

U. S. A. 

Indiana 

No. patients examined: 8029 

771 

Protozoa 

(%) 

(%) 

Endamaba histolytica . 

4 1 

3 I 

Endamceha coli . 

19 6 

61 9 

Endolimax nana 

13 2 

31 0 

Jodamaba butschlii . 

5 0 

3 8 

Eientamasba fragilis 



Giardia lamblia . 

6 5 

1 9 

Chilomasiix mesnili . 

3 1 

8 8 

Trichomonas hominis 


0 1 

Enteromonas hominis 



Emhadomonas intestinalis 



Isospora hominis 




Rothman 
and Laskey 

Burrows 

Romeu 

Markell 

Pteaent 

stuil> 

Phila. 

So. Car. 

Brazil 

So. Pacific So. Pacific 

306 

2055 

2500 

1371 

iil-t 

(5R 

(%) 

(%) 

(%) 

(%) 

3 6 

1 7 

10 4 

S 09 

4 90 

17 3 

16 3 


13.66 

25 10 

12 7 

12 4 


22 so 

19 40 

0 7 

0 3 


3 72 

4 10 

2 3 



1 60 

* . f-n 

10 0 

1 9 

id 0 

1 96 

1 SO 

0 2S 

0 7 

3 3 


0 32 


3 3 


0 40 

1 40 

d 3 



0 16 

1 20 

0 35 




0 37 

0 35 


The coccidian, Isopora hoinmis, was 
found in 4 cases of this series. The patho- 
genicity of this organism is still question- 
able (Magath®). MarkelP® points out that 
some 200 cases have been reported in man 
thus far. He found 5 additional cases in 
his series, of which onl.v 1 showed effects 
of parasitism, namely d^'sentery. In the 
present series 2 patients presented I. horn- 
mis as a single infection. Of these 2, 1 
had a mild diarrhea and enterocolitis. The 
other case presented no intestinal dis- 
turbances. In all instances the oocysts 
were found present in the stools on 3 to 
5 examinations, thus ruling out the possi- 


pared unth 3.9% obtained in the suric} 
of Boeck and Stiles. Furthermore, our 
results are higher than those of jMarke s 
survey from the South Pacific and sUg > .' 
low’er than Eomeu’s figure of 14.6% ^ 
Necator americanus in a tropical area o 
Brazil. In this study hookworm infectious 
are as frequent in soldiers from the nor i 
ern states as from the southern ® 
Consequently, we feel that the inc^se^^ 
parasitism was acquired in the u ^ 
Pacific. In 3 instances, adult „ 

were recovered from the stools an 
species urns determined. In all ^ 
it was found to be Ancylosioma duo rna 
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Heterodera radidcola {marioni) is a com- the zinc sulfate flotation method on all 
mon plant parasite. According to Craig stools, only 65.8% were positive at the 
and Faust,"* this nematode has been re- first examination, 88.4% were positive at 
ported in man, but there is no evidence the third examination and 95.1% were 
that it is a true parasite in the human, positive at the fifth examination. 

In the present series, 6 cases were obtained. The data in Table 4 are self-explana- ® 

In all instances, with 1 exception, 11. radi- tory and indicates the number of multiple 
cicola was associated with multiple para- infections. 

sitic infection. Clinical findings were not One instance of intestinal myiasis was 
associated with the presence of this or- obtained. The fly larvte were recovered 
ganism. from the stools and identified as Sarco- 


Tadle 2. — Incidence op Intestinae Helminths of Man 


Author: 

Boeck and 

Hopp 

Burrows 

Romeu 

Markell 

Prc.'ent 

Stiles 




study 

Locale: 

V. S. A. 

Indiana 

So. Car. 

Brazil 

So. PaciGc 

So. Pacific 

No. patients examined; 

8020 

771 

2055 

2500 

1371 

3415 

(%) 

(%) 

(%) 

(%) 

(%) 

(%) 

Helminths 




Hookworm 

3 9 

• » . 

4 5 

14 G 

S 4G 

13 20 

Tridiuris irichiura . 

2 1 

0 3 

0 S 

20 5 

2 12 

2 40 

Stroiigyloidcs stcrcoralis 

0 1 

3 2 

0 S 

S G 

1 38 

1 50 

Ascaris lumbricoidcs 

1 1 


1 4 

19.5 

0 37 

0 G7 

Enterohius vcrmicularis 

0 8 

7 4 

0 5 


0 07 

0 41 

Ilymenolcpis tmna 

Schislosoma wamsonta . 

0 5 

0 1 

0 5 

4 0 

0 07 

0 23 

Heterodera radicicola 






0 IS 

Txiiia saginata 

Txnia sp. 


b 



0 07 

0 03 


Tai.i.e .a.— Analysis or the Nu.vbeii or Examinations Reqeihed ron a Positive 
Labouatohy Diagnosis of 165 Patients Infected M'ith Hookvohm 


No. , 

examinations 

Increase in No. 
now positives with 
each examination 

Total No. 
positive 

Positive diagnosed 
with successive 
stool ex.aminations 
(%) 

1 . . . . 

, . 120 

12G 

7G 3 

2 ... . 

22 

148 

89 C 

3 . . . . 

. , 9 

157 

95 1 

4 . . . . 

o 

1G2 

98 1 

5 . . . . 

2 

164 

99 3 

0 ... 

. . 1 

1C5 

100 0 


A single case of tieniasis was discovered, 
but further identification was impossible 
as no segments were recovered. In 1 case 
many larvie of Strongidoidrs stcrcoralis 
were obtained during biliary drainage. 

A que.stion that interested us was to 
determine tiie number of e.xaminations 
required before a negative diagnosis may 
be accepted. For this study, we decided to 
use the hookworm data (Table 3). In a 
series of 165 patients, 76.3% were positive 
with only 1 examination, while 3 exam- 
inations gave 95.1 % positive. After 5 ex- 
aminations. 99.3% were positive. In a 
similar survey on an earlier group of men, 
during which time we were unable to use 


phaga sp., which has already been describ- 
ed in the literature as one of the etiologic 
agents of intestinal myiasis (Lyon and 
IMizelle®). 

Summary. 1. A survey was made for 
intestinal parasites in soldier patients 
(15,681 examinations) from an Army 
General Hospital located in the South 
Pacific area. 

2. The incidence of protozoan infection 
in 1114 patients is 4.9% with Endaviadm 
hisloljjticn; 25.1% with Ei}da}n{rla coli; 
19.4% with Endolimax rtana; 4.1% with 
lodnmaba biiifchlii; 1.5% with Giardin 
Ininblia; 1.4% with Trichomona.'! homirii.'!; 
L‘2% with Enlcromona.'! /lommi.v; 0.28% 
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Table 4. — Multiple Pahasitic Infections 
Double Infections 

E. coli and E. nana . 34 

E. coli and liookworm . _ _ ... 21 

E. coli and E. histolytica . . . . . 9 

E. coli and I. biilschlii ... . . ... 7 

E. coli and T. trickiura . . . ... 5 

E. coli and iS. stcrcoralis . 2 

E. coli and H. radicicola ... j 

E. coli and C, mesnili . . .... 1 

E. coli and G. lamblia ... 1 

E. nana and hookworm . ... 10 

E. nana and E. histolytica . 6 

E. nana and T. trichiura . . 5 

E. nana and I. butschlii . 4 

E. nana and T. honiinis 2 

E. nana and E. hominis 2 

E. nana and G. lamblia . 1 

E. nana and S. stcrcoralis 1 

I. butschlii and hookworm . 4 

I. butschlii and E. histolytica 3 

I. bfitschlii and <?. lamblia . 1 

I. butschlii and E. hominis . 1 

E. histolytica and hookworm . 2 

E. histolytica and C, mesnili 1 

E. histolytica and E. hominis 1 

E. histolytica and G. lamblia . . 1 

G. lamblia and hookworm . 1 

T. hominis and hookn-orm 3 

T. hominis and E. vermicularis 1 

T. trichiura and liookworm . 3 

T. trichiura and S. stcrcoralis ~ 2 

T. trichiura and H. radicicola 1 

T. trichiura and A. lumbricoides 1 

Hookworm and 5. stcrcoralis . 3 

Hookworm and H. radicicola . 1 

Triple Infections 

E. coli, E. nana and hookworm ... 7 

E. coli, E. nana and E. histolytica 6 

E. coli, E. nana and I. butschlii . 5 

E. coli, E. nana and C. mesnili 1 

E. coli, E. nana and T. hominis . 1 

E. coli, E. nana and T. trichiura 1 

E. coli, I. butschlii and E. histolytica 2 

E. coli, S. stcrcoralis and hookworm 2 

E. coli, E. histolytica and hookworm 2 

E. coli, E. histolytica and C. mesnili 1 

E. coli, E. histolytica and E. hominis . 1 

E. coli, I. butschlii and S. stcrcoralis 1 

E. coli, E. histolytica and H, radicicola 1 

E. coli, T, trichiura and hookworm . 1 

E. coli, I. hominis and T. trichiura . 1 

E. coli, H. nana and hookworm 1 

E. coli, H. radicicola and hookworm 1 

E. nana, T. trichiura and hookworm . 3 

E. nana, S. stcrcoralis and hookworm 3 

E. nana, T. hominis and hookworm 1 

E. nana, T. hominis and G. lamblia . . .1 

R. stcrcoralis, T. trichiura and hookworm 1 

Quadruple Infections 

E. coli, E. histolytica, S. stcrcoralis and hookworm . . 2 

E. coli, E. histolytica, E. nana and hookworm . 1 

E. coli, E. histolytica, E. nana and I. butschlii . 1 

E. coli, E. histolytica, S. stcrcoralis and T. trichiura . 1 

E. coli, E. nana, G. lamblia and H. radicicola . . .1 

E. coli, I. butschlii, E. hominis and T. trichiura 1 

E. coli, S. stcrcoralis, E. inteslinalis and hookworm . . 1 

E. nana, I. butschlii, I. hominis and hookworm ... 1 
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with Chilomastix mesnili; 0.35% with Iso- 
spora hominis; and 0.35% with Embad- 
omonas intestinalis. 

3. The incidence of helminth infection in 
3,415 patients is 13.2% with hookworm; 
2.4% with Trichuris trichima; 1.5%Avith 
Strongyloides stcrcoralis; 0.67 % with Ascaris 
luvihricoidcs; 0.41 % with Enterohhis vermi- 
cxdaris; 0.25% with Hymcnolepis nana; 
0.18% with Heterodera mdidcola; and 
0.03 % wth Tamia sp. 

4. The incidence of hookworm in the 
present survey is higher than those re- 
corded on the surveys from the United 
States. 

5. Recovery of adult hookworm in 3 


cases showed the species to be Ancylostoma 
dvodcnale. 

6. Analysis of the data on 165 cases of 
hookivorm showed that 76.3% w^ere posi- 
tive after 1 examination; 95.1 % were posi- 
tive after 3 examinations and 99.3 % after 
5 examinations. 

7. It is suggested that atabrine pro- 
phylaxis commonly used in this area e.x- 

^ plains not only the low incidence of 
Giardia, but also the low incidence of the 
other intestinal flagellates. 

8. Four new cases of Isosiyora hominis 
are noted. 

9. One new case of intestinal myiasis, 
due to Sarcophaga sp. is reported. 
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The thjnoid stimulating effect of the 
more recentlj'^ identified iodine resistant 
goitrogens is thought to be due to the 
inability of the thjToid gland to sjmthe- 
size thjToxine at levels adequate to main- 
tain normal metabolism.^ This reduction 
of available thjToid hormone presumably 
permits an increase of the elaboration of 
th^Totropic hormone by the anterior lobe 
of the pituitary, resulting in the produc- 
tion of the goiters. Thyroxin, when pro- 
vided parenterallj’- during the time the 
goitrogen is given, will completelj’- prevent 
the thjToid changes. Three to 10 A<g. 
daily prevented thjToid changes in ani- 
mals fed a Brassica seed diet.** Goiters 
produced by sulfaguanidine*® were entirelj’’ 
prevented by giHng thjToxin at a level of 
1 ng. for each 10 gm. of body weight. 
Thyroid hj^jerplasia was abolished by 
the addition of 1 % of thyroid powder to 
the diet of animals which were gix-^en sulfa- 
guanidine* and was effectively prevented 
by gi\Tng 5 ng- of thyroxin daily to ani- 
mals which were given thiouracil.”* Be- 
tween 2 and 3 fig. of thjTo.xin daily pre- 
vented thjToid enlargement in both male 
and female chicks recei^ang 0.1 % of thio- 
uracil in their diet for 14 days.** Changes 
similar to those seen in cretinism, which 
were induced in young rats given thioura- 
cil, were prevented by administration of 
thjwoxin.* Metabolic rates were returned 
to normal in animals receiia’ng tbiouracil 
bj" the daily injection of 4.75 fig. of d,l- 
thjTO.xin, while 4.8 fig. were required to 
return the weights of the th^Toid glands 
to normal levels.*^ 


Promizole, a sulfone shown to e.\'ert a 
favorable influence on experimental tuber- 
culosis, is likewase goitrogenic.®'® The 
thyroid hyperplasia observed in animals 
given promizole could not be prevented 
by giving large amounts of iodine but was 
completely controlled by giving tfajiDvia. 
Furthermore, the hyperplasia of the thy- 
roid gland did not occur in animals, pre* 
Anously hypophysectomized, when given 
the goitrogen.* Data suggest the conclu- 
sion that promizole, like the thiourea de- 
rivatives, exerts its influence by inhibit- 
ing the sjmthesis of thyroxine resulting 
in an increased elaboration of thyrotropic 
hormone by the anterior lobe of the 
pituitary. 

This report covers the results of a 
study undertaken to determine the amount 
of thyro-xin necessary to prevent the 
changes of the thyroid gland which promi- 
zole will induce in animals. 

Method. Forty j'oung male rats having 
an average weight of 65 gm. were selec c 
for this study. Thej'’ were arranged in o 
8 groups of 5 rats each. Five were fed i 
standard ration (Friskies) without the go' 
gen, constituting Control Group 1- 
ate the ration to which promizole had ^ 
added at a level of 0.5% and consti u 
Control Group 2. The animals of the J ^ 
maining groups ate the diet containing 
promizole but were given, mtraperitonca L 
solutions of d,l-th}TOxmt containing the 
lowing daily amounts: 1, 2, 4, 0, o a 
10 lig. respectively'. The expodment c 
tinued for 28 days. _ 

At the end of this test period the 
consumption of each animal was recor 


* Promizole (4,2'-diaininophenyl-5'-thiazolj'l sulfone) was made available for this study tliroueb 
courtesj- of Drs. E. A. Sharp and L. A. Sweet of Parke. Daws & Co. PocliMfen 

f Made available for our use through the courtesy of Dr. E. C. Kendall, Mayo onnic, 

Minnesota. 
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and the average metabolic rate was com- 
puted in calories per square meter per hour, 
using the method previously described.^ 
Samples of blood were taken from the heart 
of each animal and, using standardized 
pipets, the total red and white cell counts 
were determined. Using the Van Allen 
hematocrit tubes, red cell volumes in cubic 
microns were determined and the grams of 
hemoglobin per 100 cc. of blood were read 
on the CencO'Sheard-Sanford hemoglobin- 
ometer. Differential distributions of the 
leukocytes were determined from smears 
appropriately stained. 

The thyroid and pituitary glands were 
removed from etherized animals, weighed 
on a precision balance to 0.1 mg. and fixed 
in formalin. Tfij^oids were sectioned at 
3 microns and stained with hematoxjdin and 
eosin. Using an oil immersion lens (X 90) 
and a 6 X ocular with an echelon microm- 
eter scale, the heights in microns of 200 thy- 
roid acinar cells were measured for each 
animal in Control Group 1 and 100 acinar 
cells were measured for Control Group 2 
and for each test animal which had received 
thyro.xin. The means with their probable 
errors were computed. 


Results. The daily administration of 
thyroxin to the promizole fed rats did 
not counteract the toxic effects of the 
drug, so as to induce increased or normal 
rates of growth (Table 1). 

The data on the average oxygen con- 
sumption of the animals are condensed 
into Table 2 and graphically shovm in 
Figure 1. Promizole (Control Group 2) 
decreased the metabolic rate during the 
28 days, 19.7 % below that of the normal 
Control Group 1. Two pg. of th;\T 0 .xin 
daily kept the metabolic rate 10.4% 
higher than that of Control Group 2 but 
11.3% below the normal Control Group 1. 
Four pg. of thyroxin daily maintained an 
oxygen consumption equal to that ob- 
served in animals of Control Group 1. 
Six ng. daily raised the rate significantly, 
but only slightly so; while 10 jug. per 
day induced a real increase of the amounts 
of o.xygen consumed (Table 2). 

Daily administration of thyroxin to 
rats eating the promizole ration, lessened 
the e.xtent of hj^perplasia of the thyroid. 


Table 1.— Tiiynom and Pituitaby Gland Weights of All Animals at the End of 

THE Experiment 





Tliyroid rvt. (mg.) 

Pituitary «t. (mg.) 


Atlnincd 

TTli vrrtTin 






body wt. 

A iV/Vi4( 

(Inily 


Per 100 gm. 


Per 100 gm. 

Groiip* 

(pn.) 


Absolute 

body wciglit 

Absolute 

body weight 

Control 1 . 

. . MS.O 

0 

9.2±0 4t 

C 3*0.3 

5 1*0 3 

3 5*0 1 

Control 2 . . 

. . 91.0 

0 

30.5±2.0 

33 5*1.0 

4.8*0 3 

5 2*0 3 

Test 1 . 

97 G 

1 

17.5±2,2 

17.7*1.9 

3.4*0. 2 

3 5*0 1 

Tost 2 . 

70 S 

o 

9 l=t0.4 

11.8*0.3 

2. 4*0.1 

3 1*0 1 

Test 3 

SO 1 

■1 

7 2=fc0 2 

9 0*0 4 

2.C*0.1 

3.2*0 1 

Test -1 

S3 0 

G 

S 7±0 6 

10 1 *0 4 

3 2*0.2 

3 8*0.2 

Test 6 

S9 2 

S 

G 9±0 3 

7 6*0 1 

3 0*0 3 

3 4 *0 1 

Tost G . . . 

. . SG 0 

10 

7.7 =*=0 3 

8 9*0 3 

2 8*0 2 

3 2*0 3 


* Escli Rroiip coiUninetl 5 r.its. f Prob.nblc error of tlic moan. 


Table 2. — Mean Oxygen Consumption 




Mc.an orygen 




Th.vroxin 

consumption 

DifTcrcnce 



daily 

(calorics per 



Croup 

(PR.) 

sq. m. per hr.) 

C.alorics 

To 

Control 1 

... 0 

44 2*0 7* 



Contrtd 2 

. . . 0 

35 5 * 1 3 

— 8.7 *1 of 

-19 7 

Test 2 . . 

2 

39 2*1 3 

3 7*1 St 

10 4 

Test 3 

1 

4G 1*1 8 

10 0*2 2t 

29 9 

Test 4 

G 

5G 5 *2 5 

21 0*2 St 

59 2 

IV.st .■) . 

. . 8 

50 8 *0 G 

15 3*1 4t 

43 1 

Te.st 0 . 

. - . 10 

58 9 * 0 7 

23 4*1 5t 

Go 9 


* Probable error of the nu'.an. 

t Control Grtnip 2 — Control Group 1. 

* Re-iieeiivo te-t Kroup — Control Group 2. 
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as had been anticipated (Table 1). Promi- 
zole in the diet (Control Group 2) pro- 
duced goiters with a relative weight more 
than 5 times, and an absolute weight 
more than 3 times that of the thjrroids in 
the normal Control Group 1. One /ig. of 
thyroxin daily restricted the th 3 Toid 
hyperplasia to about a half, and 2 /ug. 


animals (Table 1) were of interest in that 
the administration of the tfajToid hormone 
did result in maintaining smaller pituitar- 
ies in promizole fed rats. Even in small 
amounts thyro.xin appeared to inhibit 
pituitary changes so that both absolute 
and relative weights were significantly 
less than the average pituitary weights in 



■ ! ^ ^ 1 

a 4 6 6 10 

Dosage of thyroxin - micrograms per day 


Fig. 1. — Changes in calories per square meter per hour recorded at the end of the experiment. Kormal 

data rrere obtained from Control Group 1. 


to about a third of that observed in ani- 
mals not given supplementary hormone. 
Four pig. of thjToxin daily reduced the 
weights of the thjToids considerably below 
the average weight in the normal control 
animals. Larger amounts did not further 
reduce the average thjToid weights. Mere 
shreds or residues of colloid remained in 
acini of thymoids which had been sub- 
jected to the influence of promizole 
(Fig. 2). ThjTOxin counteracted this 
effect. One pg. per day greatly lessened 
these changes in the colloid patterns and 
2 fig. per day completely nullified them 
(Fig. 3). ' . _ 

Both the absolute and the relative 
weights of the pituitary' glands of these 


animals which received the goitrogen hat 
w'ere not given the hormone. 

The measurements of the thjToid acinar 
cell heights have been condensed into 
Table 3. The percentage distributions of 
these data rvithin 4 of the S groups arc 
shown in Figure 4. According to Figure o, 
a daily amount of the hormone equal to 
about 1.75 pg. was sufficient to prevent 
any increase in size of the cells comprising 
the thyroid epithelium. _ 

The data assembled from heart samp ^ 
of blood are condensed into Tables 4 an o- 
Promizole induced a slight anemia, wi i 
lowered red cell counts and increased rc 
cell volumes, but the hemoglobin 1^_- 
were not significantly reduced. i 
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standard ration provides very mucli more 
protection to animals receiving promizole 
than do purified rations fortified by the 
better known vitamin B fractions. The 
average total leukocyte count, however, 
was greatly reduced from control levels in 
all animals given promizole. 

Although there were trends to suggest 


that thyroxin may have had some effect 
in counteracting the destructive influence 
of promizole on the red cells, yet the data 
are not too impressive. Certainly the 
hemoglobin levels were not significantly 
altered by administration of thyroxin and 
the leukopenia observed to accompany 
the feeding of promizole in this experiment 



Fia. 2. — Ilistolopiic appenranco of thyroid glands, a. Control Group 1, vhich did not receive promizole. 
b, Contiol Group 2, which received promizole in the diet at a level of 0.5% in ration. 



Fui. .".-Hi-tologic appp.aranco of tlOToid ghandc. a, To-t Group 1. which received promizole and 
1 of 6, Test Group 2, which received promizole and 2 pp. of thyroxin dail>\ 
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was not corrected by giving thjrroxin 
(Table 4). But a studj' of the differential 
distribution data showed a reaction of the 
neutrophilic granulocytes to th^Toxin that 
would seem to warrant further study 
(Table 5). Significant elevations were ob- 
served to occur in the percentages of 
granulocytes in the blood of all animals 
which received 2, 6 or 8 pg. of the hormone 
daily. Among animals receiving 10 pg. 
daily, the scatter of the data rendered a 
satisfactory deduction impossible. Signifi- 
cant changes in the monocytes or the 
eosinophilic or basophilic granulocytes did 
not occur in the hormone treated animals. 

Comment. The toxic reactions sus- 
tained by young animals given promizole, 
particularly anorexia and failure to grow 
normally, were not prevented by giving 


thjToxin. Thiouracil, given subcutan^ 
ously,s inhibited the growth of young rats 
but when thyroxin was given the normal 
growth rates were restored. Since thi- 
roxin was without effect on the growth of 
our promizole fed animals, retardation of 
development was ob\dously not due to a 
deficiency of thyroid hormone. 

The decline of the rate of o.xygen con- 
sumption, however, was the result of a 
thyroid hormone deficiency, for the ad- 
ministration of the hormone at the level 
of 2 pg. daily exerted some effect on the 
amount of oxygen consumed. Slightly less 
than 4 pg. daily was adequate to prevent 
any decline of the metabolic rate from the 
level of Control Group 1. These data on 
the rapid decline of o.xygen consumption 
are in keeping with those observed when 


Table 3. — Thyhoid Acinar Cell Heights 


Group 

Diet 

Thyroxin 

dail.v 

(fts-) 

Thyroid acinar 
cell height 
(/>) 

Control 1 

Standard 

0 

4 61 ±0 04*. 

Control 2 

. 0 5% promizole 

0 

11.90*0 10 

Test 1 

. 0 5% promizole 

1 

8 00*0 10 

Test 2 . 

. . . 0 5% promizole 

2 

3 10*0 02 

Test 3 

. , . . 0 5% promizole 

4 

2 70*0 02 

Test 4 

. . . . 0 5% promizole 

6 

2 70*0 02 

Test 5 . 

. . . . 0 S% promizole 

8 

2 80*0 03 

Test 6 

. . . . 0 5% promizole 

10 

2 70*0 03 


* Probable error ol the mean, 


Table 4. — Blood Values Obtained From Samples of Heart Blood at the End or 

THE Experiment 

LcAocjits 
(tbous. 

cmta ) 

15 3=^0 ' 

5 9*0 

7 5 ^9 S 
5 4=t0 C 
3 7*0 3 
7.2*0 8 

5 5 * 1-9 
0 4 * 0.0 

/ . ^ — V •A3C .A. U.l — 

* Probable error of the mean. 

T.ible 5. — Differential Distribution of Leukocvtes at the End of the Expebime-nt 

Thi-rorin G ranulop-tes 

EosinophiUc BMorti i 



Thj roxiu 
daily 
(pgO 

Erj'throcj’tcs 

Hemoglobin 
(gm. per 100 cc. 
of blood) 

Group 

JIill. per 
c.nun.) 

Volumes 

(C.p) 

Control 1 . 

. . 0 

7 8*0 1* 

49 9*1 2 

14 0*0 3 

Control 2 . 

. . 0 

6.7*0 3 

60.1*0 1 

13 1*0 5 

Test 1 . . . 

. . 1 

7 4*0 2 

59 9*1 3 

14 5*0 5 

Test 2 . . . 

2 

7 3*0 2 

55 0*1 1 

13 3*0 2 

Tests . . . 

. . 4 

7 4*0 2 

51 0*1.1 

11 9*0.5 

Test 4 . . . 

. . G 

6 9*0 2 

57 4 *2 4 

11 9*0 6 

Tests . . . 

. . 8 

7 9*0 2 

48.9*1 3 

12 6*0.5 

Test 6 . . . 

. . 10 

7.0 *0 2 

54.2*0.7 

13 8*0 2 


Group 

daily 

(as-) 

L 3 *niphocytes 


NeutrophiJic 

Control 1 . 

. 0 

85 7*1.3* 

2.1 

11.7*0 4 

Control 2 . 

0 

82.0*1 4 

1 .5 

14 2*1.4 

Test 1 . . 

1 

84 2*1 4 

0 9 

13.2*1 0 

Tcst2f . . 

2 

77 0=^3 5 

0 8 

21 2*1.9 

Test 4 . 

e 

64 0*5.2 

2 1 

30 6*2.5 

Tests . . . 

. 8 

03 0*1 4 

1.5 

35 0*2 4 

Teste . . . 

. 10 

74 0 *3.1 

1.0 

23 5*10 6 

* Probable error 

of the mean. 
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Acinar cell heights in microns 

4.— Percentage distributions of the licigbts of the tbjToid acinar cells in 4 groups of animals; 
Control Groups 1 and 2; Test Groups 1 and 2. 



Dosao'c of thupoxin - micpo^pams pep dap 

Fitt. .'■i.—ClianKcs in the wights of the thyroid glands and the heights of the thj-roid acinar cells in 
aniniaK which n-coived promirole and in those which received proniirole together with graded doses 
of thyrovin <i:'ily. Normal data were obtained from Control Group 1. 


Ac/na/^ ce// /lefpht - micjnons 
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sulfaguanidine vras given.^ Eeineke, j\Iix- 
ner and Turner^** lowered the metabolic 
rate 23.7 % when thjouracil was prordded 
in the drinking water at a level of 0.1 % 
for 14 daj^s. These rates were returned 
to normal by the dailj" injection of 4.75 /ig. 
of d, 1-thyroxin. 

The protection afforded by thjToxin to 
the colloid bodies of animals given promi- 
zole is of interest. Promizole, like other 
goitrogens, produces changes in the metab- 
olism of the thyroid gland resulting in the 
atrophy or destruction of its colloid re- 
reserves. TWiereas 1 ng. of thyroid hor- 
mone appeared to prornde some protection 
to the colloid bodies, 2 pg. provided com- 
plete protection. The homogeneous ap- 
pearance of the colloid was retained; its 
staining qualities were preserved. The 
reasons for the retention of normal colloid 
in thyroid glands of animals recei\'ing 
promizole when provided adequate blood 
tbjTOxin levels are not clear. Since the 
basal metabolism of such animals was 
increased when the hormone was given, 
the thyroid cell, in the presence of an ade- 
quate or even increased level of blood 
th^Toxin, may retain its selective function 
for metabolizing iodine and s\nithesizing 
thjwoxin. There is need, it would seem, for 
a study of the capacity of the hyperplastic 
thjToid to take up radio-iodine in the 
presence of normal or increased blood levels 
of thjToxin. 

We learned that the blood levels of 
X promizole were progressively lower in ani- 
mals into which thyroid hormone was in- 
jected at the levels which ranged from 
1 to 8 jug. The average concentrations of 
promizole in the blood stream of the Con- 
trol Group 2 animals and in the blood of 
those recehnng 1 jug. of thjToxin daily 
were statistically alike, ranging from 6.6 
to 15 mg. per 100 cc. of blood (average 
9.2 mg. per 100 cc.). The average concen- 
trations of promizole in the blood of the 
remaining groups of animals were as fol- 
lows: 2 pg. of thjTo.xin, 8.2 mg. per 100 cc.; 

4 jug., 7.5 mg. per 100 cc.; 6 jug., 5.8 mg. 
per 100 cc.; 8 jug., 3.7 mg. per 100 cc.; 
and 10 fig., 6.3 mg. per 100 cc. Increased 
rates of metabolism induced by the added 


daOy amounts of thjToxin may have 
facilitated tlie more rapid destruction or 
elimination of the drug and may serve to 
e.xplain the absence of the colloid damage. 

A more probable e.xplanation for the 
retention of normal colloid bodies in rats 
treated vdtb thjnoxin and fed promizole 
is that in the presence of an adequate 
blood thyroxin level no demands were 
made on the colloid for thyroid hormone. 
The colloid bodies thus remained une.v- 
hausted and their usual thyroxin reserve 
remained intact. It is evident that 1 /ig. 
dailj' w'as insufficient to meet the body re- 
quirements, so that some demands were 
made on these colloid reserves. The inabil- 
ity of the thyroid cells to replace them 
resulted in the atrophic colloid patterns 
’i^Tien 2 fig. were given dailj% the bodily 
requirements W'ere met and there were no 
demands made on the thjToid for thyroid 


hormone, so that normal colloid patterns 
persisted. The conclusion may well he 
drawn that the requirement of thjTOxin 
by rats of this age, as used in this experi- 
ment, was about 2 gg. per day. 

In our e.xperience with animals to which 
promizole w’as fed or into winch it was 
injected, real increases of the weights of 
the pituitarj' glands occurred during the 
production of the goiter. This fact ma\ 
be correlated with an increased elabora- 


tion of the thjwoid stimulating hormone. 
Observations elsewhere have contributec 
to the conclusion that increases of the 
relative numbers of basophilic cells i 
occur in the pituitaries of animals ms ® 
goitrous by sulfaguanidine.*® On the ot icr 
hand, changes of the microscopic structure 
of pituitaries of animals made goitrous 4 
thiouracil were not observed.*® Pituitana 
of animals made goitrous by a rapesee 
diet, how'ever, were reported 
an increased number of basophilic cc 
with degranulation of the acidophilic cc 5- 
mether or not the increased rckfivc 
weights of the pituitaries of our *’*’'**’‘' j 
made goitrous by promizole were *^ “ ^ . 
to changes of the content or the outpn 
th^Toid stimulating hormone, such iiicrc--^ 
ed weights did not occur when thjTO.x) 
was administered. Even 1 MS- tlivToxi 
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per day maintained relative weights and 
larger amounts of the hormone actually 
reduced the absolute weights of the pituit- 
ary glands. The decline of pituitary gland 
weights was probably dependent on the 
size and the extent of hyperplasia in the 
developing goiter. When normal thyroid 
gland weights and normal histologic pat- 
terns were maintained by the injection of 
2 jug. of thyroid hormone daily, the weights 
of the pituitary glands were likewise re- 
duced. Accordingly. 2 /ug. of" thyroxin per 
day, or perhaps an amount slightly less, 
will maintain in rats eating a standard diet 
containing 0.5% of promizole for 28 days, 
a normal thyroid gland, with normal or 
subnormal acinar cell heights, and normal 
appearing colloid bodies, together with 
pituitary glands of normal or subnormal 
weights. 

Conclusions. 1. The administration of 
d, 1-thyroxin, in amounts ranging from 1 
to 10 /jg. daily, to young rats during a 
period of 28 days, while thej’’ were fed a 
diet containing the goitrogen, promizole, 
at a level of 0.5 %, did not inhibit the usual 
untoward effects which promizole normally 

c. xerts on the growth, appearance and appe- 
tite of immature animals. 

2. As hitherto shown, promizole de- 
pressed thyroid activity. In this c.xperi- 
ment the average metabolic rate of animals 
given promizole in their diet for 28 days 
was lowered 19.7 % from that recorded for 
the normal control group. Two fig. of 

d, 1-thyroxin daily increased the average 
rate 10.4 % above that of the control group 
which received promizole alone, while 4 fig. 
maintained an average oxygen consump- 
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tion equal to that recorded for the animals 
which did not receive either thj’xoxin or 
promizole. 

3. Promizole exerts a thyroid-stimulat- 
ing influence through the pituitarj’- gland, 
which, in this experiment, resulted in the 
development of goiters weighing more than 
3 times the average weight of the thyroid 
gland in control animals. The administra- 
tion of 1 fig. of d, 1-thyroxin daily resulted 
in the development of goiters which were 
but slightlj'^ less than twice the normal 
size, while 2 fig. daily resulted in maintain- 
ing thyroid glands of normal weights. 

4. The heights of the thyroid acinar 
cells were maintained at normal or less 
than normal levels by giving 2 fig. of d,l- 
thyro.xin daily. Without any supplemen- 
tal thyroxin, the average acinar cell height 
was more than twice that of the normal 
gland, while 1 fig. of thyro.xin was adequate 
to maintain an average cell height con- 
siderably less than twice that of the nor- 
mal thyroid gland. 

5. The changes observed in the colloid 
of thyroid acini which were induced by 
promizole were partially prevented by 
1 fig. of thyroxin per daj' and were com- 
pletely nullified by giving 2 fig. daily. 

6. Promizole appears to e.xert its goiter 
stimulating effect by preventing the s^mth- 
esis of thyroxin by the thyroid cell, there- 
by permitting an increased elaboration of 
thyroid stimulating hormone by the ante- 
rior lobe. By the administration of small 
amounts of thyroxin daily during the time 
the goitrogen was provided, thereby main- 
taining adequate blood levels of thyroxin, 
normal thyroid glands were maintained. 
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NOTE ON HIPPUKIC ACID SYNTHESIS IN SENIUTY 

By Kajsl Stern 
James S. Tyheest 

AND 

Brigitte A. Askonas 

' MONTREAL, CANADA 

(From the Department of Psychiatry, McGill University, the Allan Memorial Institute of Psychiatry, 
• and the Verdun Protestant Hospital) 


In a previous communication (Stem, 
Hinds and Askonas®), it was demonstrated 
that hippuric acid synthesis is impaired 
in higher age. The original purpose of 
that investigation was to determine the 
detoxifying capacity of the aging organ- 
ism, particularly during psychoses of the 
higher age group. There is a striking 
similarity between certain senile psychotic 
episodes and delirious psychoses produced 
by e.xogenous to.xins during other periods 
of life. On the basis of this clinical fact, 
it had been assumed that the capacity to 
deto.xity certain metabolites is reduced in 
old age. 

Only hippuric acid synthesis was stud- 
ied, because it is the only test Avhich has 
been sufficiently evaluated quantitatively 
for clinical purposes. This test was found 
to be markedlj’’ impaired in the group of 
patients examined. Of patients of GO years 
or more, 80% were shown to excrete less 
than 0.85 gm.; the 5 cases diagnosed as 
senile dementia ranged from 0.18 to 
0.7 gm. This impairment was A'ery mark- 
ed compared with observations on men- 
tally and physically normal old people 
(Rafsky and Newman®). 

However, the test is an index of 2 func- 
tions : the conjugating power of the liver 
and the capacity to furnish glycine (by 
synthesis or by mobilization). Therefore 
an attempt was made to determine as to 
which one of these factors was impaired 
in the aged. This was done by the ad- 
ministration of glycine during the test. 
A similar procedure has been carried out 
before in patients with liver diseases 
(Probstein and Londe') by the oral sodium 
benzoate test. 


Subjects. Twelve patients with senile or 
pre-senile conditions ranging from the age 
of 58 to 92 were examined. As controls 
6 healthy adults were used and 4 adults of 
faulty dietarj' habits. One of the latter vas 
a woman of 56 who suffered from a peculiar 
anxiety state with anorexia. NPN, blood 
cholesterol, blood sugar and, in the senile 
cases, the albumen/globulin ratio were deter- 
mined in order to exclude cases with gross 
metabolic disorders. 

Method. A test was carried out on 3 con- 
secutive da3's. On the 1st and 3rd day 
Quick’s intravenous hippuric acid test ^as 
carried out in the usual manner, nith 
1.77 gm. of sodium benzoate. On the 2nd 
day glycine was added in the following way. 

The subject was given 1 gm. of glycine 
as a 10% waterj”- solution i hour before the 
injection of sodium benzoate. One gm. O' 
glycine was given orallj' at the time of the 
injection; § hour after this another gram of 
gly'cine was administered. Before the in- 
jection and 1 hour following it the urine 
was collected. In the old patients this n.ns 
done under the super\nsion of physician an 
nurse, and in some cases bj' catheterization. 
Each subject was given 2 tumblers ^ 

before the injection to assure a sumcien 
output of urine. Hippuric acid was deter- 
mined according to Quick.- 

Eesults. The results are presented in 
2 graphs and in Table 1. 

The 6 normal control cases show tlia 
the hippuric acid values on the 1st an 
3rd day correspond to the normal cases 
given by Quick and do not differ more 
from one another than 0.2 gm. -1” ‘ ' 

tional oral administration of gl.vcme on 
thC' 2nd day increased the hippuric ad 
output by 0.14 to 0.28 gm. in uu 
1 case. 
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Ten out of 12 senile cases showed a 
low hippuric acid synthesis to begin with. 
In 9 out of these 10 the hippuric acid 
output was raised by glj'’cine feeding; in 
5 cases by 0.3 gm. or more, i. e., more 
than had been seen in the normal control 
subjects. In 6 out of these 9 the increase 
led to a normal level of hippuric acid 
excretion (0.85 gm. or higher). 

In the second line of Figure 2 there are 
4 control cases of individuals with faulty 
dietary habits. All suffer from anorexia 
of a psychologic origin, one was a textbook 
C!ise of anorexia nervosa. One of these 
patients showed a finding unique among 
the entire investigated group, i. e., a de- 
pression of the hippuric acid e.xcretion 
during glycine administration. 

Discussion. From these experiments it 
is obvious that in most senile cases the 
impairment of hippuric acid synthesis is 
only partly or not at all due to faulty 
conjugation. Otherwise we could not ex- 
plain why exogenous glycine could improve 
the mechanism. In fact, 2 cases with 
conspicuously low values were raised to 
normal; this is particularly interesting 
because in animal e.xpcrimcnts with N iso- 
topes exogenous glycine, c^'en when fed 


in excess, supplied only one-third of the 
hippuric acid glycine (Rittenberg and 
Schoenheimer’). How'ever, it was not 
possible to explain what factor determines 
the various patients’ individual patterns. 
An attempt was made to correlate the 
difference between the glycine-free days 
and the 2nd day with various data such 
as the patient’s weight-height index, dy- 
namometer readings, and diet history; but 
no such correlation could be found. 

However, although no correlation could 
be found with the patients’ diet history, 
the phenomenon seems nevertheless to 
reflect on the nutritional state; for we saw 
a similar pattern in those otherwise 
healthy young individuals with anorexia 
(Fig. 2, Case SC and McC). In fact, the 
increase produced by glycine feeding in 
those cases is remarkable. Two values 
were raised by 0.67 and by 0.71 gm. respec- 
tively. Among these cases, however, there 
was one with a peculiar inverted reaction ; 
in this case (CAN) the hippuric acid ex- 
cretion was depressed with the adminis- 
tration of glycine. Errors in the collection 
or determination were excluded. It is 
impossible to explain this phenomenon 
but it is noteworthy that the same patient. 


Tabi.e 1.— Hii’punic Acid Values 


No. 

Name 

Sex 

.\ge 

Wt. 

(!b.) 

1 

HI 

.M 

28 

ISO 

•> 

.ME 

r 

30 

120 

3 

no 

M 

29 

200 

4 

no 

r 

20 

130 

r> 

NO 

M 

27 

IGS 

c 

CR 

.M 

24 

1.50 

7 

sc 

r 

29 

8.5 

S 

.MeC 

r 

50 

SO 

9 

C.\N 

r 

33 

92 

10 

MU 

r 

3S 

93 J 

11 

Hor 

r 

SI 

142 

12 

c.\ 

r 

74 

99 

13 

C!U.\ 

r 

7t> 

121 

It 

Git 

r 

St 

94 

i.n 

HO 

r 

5S 

101 

If. 

JOU 

r 

92 

no 

17 

.10 

r 

Cl 

107 

IS 

i.r. 

r 

.VI 

11.5 

19 

M.V 

r 

.'iS 

9S 

20 

.'^11 

1- 

so 

109 

21 

SM 

r 

75 

105 

22 

CO 

K 

OS 

9S 


lit. Diagnosis 

G'3' Normal 

S'4' Normal 

CM' Normal 

5'4' Normal 

G' Normal 

C' Normal 

5M' Anorcxi.a norvoia 

5M' .\n\icty state with 

anorexia 

5'2' .Vcitated depression 

5M' Ob*-r‘".ivc neiiro-13 

with anorexia 

5'2' I’aranoid elio^is 

5'3' Senile dementia 

paranoid 

4'7' Mamc-eiepre-'ivc 

4M0' Senile dementia 

ri'}' I’rp-seniledementia 

S’2' Old ■clntophrema 

with superimpos- 
ed senile process 
y Senile dementia 

•j'3' Pre-'cmle demi ntia 

y-i" Senile dementia 

4M1' tVnile dementia 

S'G' Schiiophrenia with 

ssii'erimpo>ed 
senile proee-.ra 
yy Senile dementia 


Average 


Hippurie 
acid (gm.) 

Isl + 3rd 

Delation 

excretion 

tc«t of 

between 

following 

hippuric 

1ft + 3rd 

glycine 

acid 

test 

adminif- 

(gm.) 

(gm.) 

tration 

1.39 

±0 01 

1.30 

1.04 

*0 03 

1.32 

1.40 

=1=0.05 

1.G2 

1.10 

=1=0.10 

1.30 

1.10 

=1=0 02 

1.3f> 

1.25 

=1=0.01 

1.39 

O.SI 

= 0.09 

1 52 

0.83 

=0.01 

1.50 

1 40 

=e0.01 

1 10 

0.93 

=e0.03 

I.IG 

n.so 

=*=0 03 

1.04 

0 37 

=*=0.07 

0-84 

1 01 

=*=0.02 

0 98 

0.70 

•*=0 02 

1.00 

0 S3 

=*■0 CS 

1.20 

0.51 

=*0.11 

0.85 

0 43 

= 0 02 

0..59 

0 91 

=*=0 09 

1.02 

0 25 

=*0.05 

0 49 

0 . 5*7 

=0.10 

O.OS 

0.40 

=*0.05 

O.GO 

0.43 

<*0.03 

1.03 


Increase 
(gm ) 
-0.09 
-rO 2S 
+0 22 
-f0.2G 
+0 20 
+0 14 
+0.71 
+0.07 


-0..30 
+0 23 

+0.24 
+0 47 

-0 03 
-LO 30 
-L0.37 
+0 34 


-O.IG 

-o.n 

-0 24 

-0 n 
— 0.20 


+o.eo 
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a lean asthenic woman who had been a 
very poor eater for some time, was gain- 
ing 6 pounds during the week in which the 
test was carried out. Even if we assume 
hypothetically that her N metabolism 
was in an anabolic phase during this 


Hipmoc 

ACtO 

OKS 



period it is difficult to explain vhy glycine 
added to the diet should not only not be 
used for conjugation but even depress 
that function. This would be contrary 
to the results of experiments with sodium 
benzoate feeding of gro^mg animals 




IS 

n 

to 

ei 

or 

os 

0) 

et 

oi 

09 



Fig. 1. — Senile and presenile cases. The hippuric acid excretion (in gm.) on 3 consecutive _ ' 

represented by 3 columns. A = 1st day, B = 2nd day, C = 3rd day. On the 2nd day (B) Bljcia. iv 
administered orally before and during the test (see test). 



Fig. 2.— Control cases. The graphic presentation is the same ns in Figure 1. Tiie 5^^ ° . 
upper line are healthy young people. The cases on the lower lino are patients with anorexia 
logic origin, and debility, but otherwise healthy. 
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(Wiite®), Probstein and Londe^ found 
similar cases among their patients with 
impaired liver function, and attempted 
to explain this seemingly paradoxical find- 
ing by various hypotheses on glycine 
metabolism. 

Summary. Hippuric acid synthesis was 
studied in 12 senile patients on 3 consecu- 
tive days; on the 2nd day glycine was 
administered orally before and during 
Quick’s intravenous test. Six healthy 
adults and 4 adults with anorexia of psy- 
chologic origin served as control cases. 


Ten of 12 senile cases showed an abnor- 
mally low hippuric acid sjmthesis to begin 
with. In 9 out of these 10, hippuric acid 
sjmthesis was increased to a varying 
degree by glycine administration. From 
this finding it can be concluded that faulty 
hippuric acid synthesis in old age is 
mainly due to an impairment of the 
organism to furnish gljmine rather than to 
an impairment of the mechanism of con- 
jugation. The difference in the patterns 
of these cases could not be correlated to 
anj’^ knovm clinical feature. 
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THE ACTITITY OF PENICILLIN IN THE INTEANASAL PNEUMOCOCCUS 

INFECTION OF MICE* 


By M. Buck, M.A, 
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M. N. Lewis, B.A. 

AND 

E. J. ScHNiTZER, M.D. 
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(From the Research Laboratories of Hoffmann-La Roche, Inc. 


The method of infection of mice by 
inhalation had been thoroughly studied by 
Stillman and his co-workers^- in the years 
1924-1931, and excellent investigations as 
to the pathology and pathogenesis of the 
experimental pneumonia were contributed 
b}'- Webster and Clow,“ and Rake.'^ From 
these studies might be seen that the 
natural resistance of mice towards the 
intranasal infection is considerable and 
that neither all strains of pneumococci 
nor all breeds of mice were suitable for 
infections of this tj^pe. It was probably 
the finding of Stillman and BrancD^ that 
treatment with high doses of alcohol was 
apt to break the natural and acquired 
resistance which induced Neufeld and 
Etinger-Tulczynska® to adopt the method 
of short ether anesthesia preceding the 
nasal infection. By this modification, 
very consistent and reliable infections 
could be obtained. 

The reason why the intranasal infection 
with pneumococci and the subsequent 
pneumonia of mice was not more widely 
used in the determination of antipneumo- 
coccal acti%'ity might probably be found 
in the fact that satisfactory infections 
require suitable strains of pneumococci 
and a susceptible breed of mice; another 
reason might be that most of the known 
chemotherapeutic agents exert only a very 
poor activity in this infection. We were 
unable to find any reference as to the 

* Part of this p.aper was read before the Xew Yi 
tcriologists on March 13, 1943. 


activity of sulfonamides in the pncmomi) 
of mice; our onm experience, covering 
roughly 10 years during which the into- 
nasal infection was routinely studied mti> 
all agents which e-xerted antipneumoroew! 
activity towards intra-ahdoniinal infec- 
tion of mice, showed clearly that in tlic 
group of sulfonamides, only exccption.iiiy 
was a satisfactory activity found. Even 
in these cases, the therapeutic effect was 
generally not more than prolongation o 
life dependent on the duration of the treat- 
ment. -Final survivors were observed 
merelj’- occasionally. 

From the observations of Gross an< 
Cooper,=> Kepi and Gunn,®-^ Raiziss, Kol- 
mer and Rule,® and Loughh'n, Bennett, 
Flanagan and Spitz,® who used the intra^ 
tracheal and intrabronchial pneutnococcus 
infection of rats, may be seen that 
pneumonia of these animals o 

a certain degree to treatment I'd*" ( i 
ent sulfonamides and sulfoncs. > 
described particularly good results 
sulfapj-ridine alone, but most of the o 
investigators®-'*’® agree that the com 
tion with antipneumococcus scrum cn 
hances considerably the activity o 
chemotherapeutic agents. _ , 

It seemed from these observ.itions >■ 
the slow and predominantly bacteno' ^ ’ 
activity of the sulfonamides ■ 

always sufficient to control tlic pu ' 
infections of mice and rats. The ' ' 

)rk City Brandi of the Society of .tmeri'-an 
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mechanism of acti\aty and the more 
powerful antibacterial action of penicillin 
gave reason to expect a more definite 
effect in pulmonary infections. 

Methods. Two strains of pneumococci 
were used in our experiments. One was a 
pneumococcus Type 1, obtained from the 
School of Hygiene of the University of 
Toronto. The strain came originally from 
the laboratories of the Rockefeller Institute. 
The second strain (Pn. 6302) was a Type 2 
strain, obtained from the American Type 
Culture Collection. Both strains were kept 
on blood agar and in serum broth and were 
passed through mice regularty. 

The mode of infection was simple; white 
mice* of 18 to 22 gm. were exposed to ether 
for 2 minutes, and then their noses were 
dipped into undiluted overnight serum broth 
of the pneumococci. 

Untreated mice died within 30 to 48 hours 
after the infection. Pneumococci could be 
detected in the lungs bj' culturing on blood 
agar immediately after the infection. After 
1 to 2 hours, a hea\y infection of the blood 
was present. Pathologic changes, mostly 
dark red patches of bronchopneumonic infil- 
tration, were genci-all}’’ not present before 
24 hours; but at the time of death, both 
lungs were hepatized, of dark red color, and 
filled with e.xudate. 

Treatment with penicillin was adminis- 
tered 1 hour after the infection. In some 
instances, a single treatment was given. 
No more than 4 treatments were found 
necessary, at least not with the doses selected 
for these experiments. The penicillin used 
in these studies was sodium salt of penicillin 


prepared in the Roche research laboratories, 
its potenc}^ as determined by the cup test 
method w’as 500 to 800 u./mg. 

The succumbed mice, treated as well as 
untreated ones, were autopsied, and cultures 
of the lungs and heart blood were taken. 
Surviving animals were under observation 
for a period of 3 weeks. From time to time, 
surviving mice were sacrificed and their 
lungs examined histologicalty. 

Experimental. It is known by the work 
of Rake, McKee and their co-workers® that 
very small doses of intra-abdominally in- 
jected penicillin were sufficient to control an 
intra-abdominal infection with pneumococci. 
Welch, Chandler, Davis and Price,'® on the 
other hand, found that an average of 47S u. 
injected intra-abdominally were required in 
order to protect 50% of mice infected with 
10,000 m.l.d. of pneumococci. We consider 
50 to 60 U./20 gm. as the minimal active 
subcutaneous dose for the control of an intra- 
abdominal infection with 1000 m.l.d. of 
pneumococci Type 1, Type 2 and Type 3.' 
Infections with Type 1 pneumococci some- 
times responded to a total dose of40u./20gm. 

For the treatment of intranasal infections, 
higher doses were required. 

In Table 1, the results of the subcuta- 
neous treatment of intranasal infection 
with Type 1 and Type 2 pneumococci are 
given. A total dose of SOO to 1000 u./20 
gm. can be considered the minimal active 
dose giving 50% survivors in the Type 1 
infection, while about 1800 to 2000 U./20 
gm. were required in infections with the 
Type 2 pneumococcus. Smaller doses, 
c. ff., 200 to 500 U./20 gm., showed still 


T.MU.r. 1.— Acrivm- or .‘^uhcvta.xeov.'^ Tr.i:.\T.MnNT tViTa Pe.vicii.li.v i.v P.vevmococcl-s 
P.vin'.MOMA CAV-sr-i) by Tvi’e 1 and Type 2 PxEr.Mococci 


T.vpp 1 T\-pe 2 


To(n? (foco 

.Vo. 

No. 

r*' 

No. 

Xo. 

% 

(U./20 pm.) 

Jiiico 

Mirvivors 

Mirvivors* 

mire 

Eun'ivors 

fun-ivors 

2,') -AO 

12 

1 

S 3 




100-l.'’i0 

12 

a 

25 0 




200 

20 

s 

‘10 0 




-lOO-.SOO 

21 

10 

-11 0 

15 

0 

0 

SOO -1000 

. 2-1 

12 

50 0 

30 

2 

0 C 

It'.OO 

. la 

0 

09 0 

5 

0 

0 

lSOO-2000 




00 

27 

-15 0 

aooo -looo 

,*) 

A 

100 0 

10 

ir> 

70 0 

Control-. 

-!0 

1 

2 5 

75 


2 0 


* j'trnin of Tomhlclirook Farm?. Rraiu I.ako. Now York. 
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an appreciable activity in Type 1 infec- 
tions, but the results with these doses 
were not always consistent. 

The data for Type 1 infections represent 
the results of single treatment r\dth high 
doses as well as those obtained by 2 to 
4 times repeated treatment with smaller 
doses. As a rule, higher activity was 
observed vdth the latter method. In 
Type 2 infections, only repeated treatment 
was given. 

In an attempt to analyze these observa- 
tions, mice were killed 1, 3, 5, 9 and 
25 hours follovnng intranasal infection 
and a single treatment with 1000 u./20 gm. 
Cultures taken from the lungs showed 
that the number of pneumococci dimin- 
ished gradually; after 9 hours, only a few 
scattered colonies could be recovered. 
After 25 hours, however, heavy growth 
from the lungs was again obtained in the 
cultures. If, however, 2 treatments of 
1000 U./20 gm. were given with an interval 
of 4 hours, the lungs were sterile after 
9 hours and stayed sterile if examined 
24 hours after the treatment. This find- 
ing might explain why a single treatment, 
though it might be successful in some 
instances, was generally not sufficient; for 
the sterilization of the lungs, at least 
2 treatments were necessary. 

Pathologic findings in survi\ang treated 
mice were generally absent. During the 
first 3 or 4 days after the infection, very 
small marginal patches of pneumonic infil- 
tration were occasionally found; but later, 
the lungs appeared normal by gross and 
microscopic examination. 

Similar results were obtained when 
penicillin was given orally. Table 2 is 
meant to demonstrate the comparison of 


subcutaneous and oral treatment in intra- 
nasal infections with pneumococcus Tj-pe 2. 

In both groups of experiments, the same 
doses of penicillin were found to be active. 

The observation that high total doses 
of penicillin (about 2000 U./20 gm.) had 
approximately the same effect whether the 
drug was given parenterally or orally 
might appear surprising. Experimental 
and clinical experience suggested that— as 
a rule — oral treatment required higlicr 
doses than the parenteral route. The 
observations in the intranasal pneumo- 
coccus infection were not the only and 
not the first exception to this rule.’* 

The determination of the penicillin con- 
centration in the blood seemed to offer 
some explanation for these findings. 

The technique used for the determina- 
tion of the serum level of penicillin was the 


Rammelkamp method.^® 

Groups of 5 mice were used for ever} 
dose and for every interval. The animals 
were sacrificed after the subcutaneous or 
oral administration by bleeding them from 
the axillary artery in ether anesthesia. 
The blood wms pooled; and after clotting, 
the serum was used for the determination 
of potency. 

The figures in Table _3 represent aver- 
ages of 2 to 4 determinations with differen 
groups of mice. _ , 

From the data on Table 3, it might ic 
seen that in all dosage ranges, the peti ■ 
of the concentration of penicillin in t ic 
serum was at least 10 to 20 times hig ic'’ 
after subcutaneous than after oral a min 
istration. By increasing the subcutancoii-' 
dose, a longer duration of comparatucj 
low concentrations was observed, lo” 
r, the blood level dropped considerably 


ever. 


Table 2.— Compabisok of Scbcutantiovs and Oral Adminibtration of SoDirii Pemcilli 
IN Intbanasal Infections of Mice tViTn Type 2 Pneumococci 
(2 to 4 Treatments) 


Subcutaneous 


Total <lo«e 

No. 

Ko. 

c* 

70 

Ko. 

Jso. 

surrivs** 

<u./20 etn.) 

mice 

survivors 

survivors 

mice 


5 

SOO-1000 . 

. . 20 

2 

10 

40 


15 

lSOO-2000 . 

CO 

27 

45 

Si 

3$ 


3200-1000 . 

O 

3 

GO 

50 


Cf) 

7200 . . 

■ ■ •• 

• 


5 



Controls 

. 125 

4 

3 
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within 2 hours in all dose ranges. The 
oral administration caused much less 
spectacular peaks and, accordingly, a 
more consistent serum level was found 
for a certain period of time, depending on 
the dose. Particularly after high doses 
(1000 u. and more), the serum level after 
oral treatment was more or less comparable 
to that of the subcutaneous dose in the 
later phases (after 2 to 3 hours), and was 
even occasionally found to be higher, c. g., 
at the 3 to 5 hour intervals. 


given to mice subcutaneously or orally, 
and the animals were infected intranasally 
with Type ’2 pneumococci shortly after- 
wards and after intervals of 1, 3 and 
5 hours. The results are given in Table 4. 

-This table shows that the effect of high 
doses of penicillin was the same whether 
the drug was administered subcutaneously 
or orally. If one considers not only the 
percentage of final survivors after 3 weeks 
of observation but also the survival time 
of the animals which died of pneumococcal 


Table 3.— Concenthation or Penicillin in the Seuum or Mice Aftee a Single Subcutaneous 
AND Oral Treatment With Sodium Penicillin 


Interval (minutes) after odministration 


Dose 

( U ./20 Km .) 

Route 

15 

20-30 

GO 

90 

120 

150 

180 

210 

300 

too 

Subout. 

Per os 

2.0 

1.15 

0.075 

0.25 

0.00 






500 

Subcut. 

Per os 

25.0 

0.00 

, Q .38 

1.00 

0.10 

0.15 

0.03 

0.015 

0.02 

0.00 

0.03 

0 

0 



1000 

Subout. 

Per os 

22.5 

2.0 

22.50 

0.50 

1.00 

0.08 

0.10 

0.50 

0.03 

0.03 

0.03 

0.00 

0.015 


2000 

Subcut. 

Per os 

22.5 

1.0 

22.50 

2.50 

4.00 

0.58 

o.'is 

0.50 

0.13 

0.03 

0.03 

0.13 

0 

0 00 


5000 

Subcut. 

Per os 

•• 


128.00 

2.00 



•• 

1.00 

1.00 


0.00 

1.00 


Table 4.— Prophtxactic Activity or a Single Dose or Sodium Penicillin Aitlr Subcutaneous 
and After Oral Administration Against Intranasal Infection of Mice IVith 
Type 2 Pneumococci (Experimental Pneumonia) 


Penicillin 
( U ./20 Rm.) 

Route of 
administration 

Interval* 

(hours) 

No. 

mice 

.4vcraRe 
survival time 
(days) 

% 

sumvors 

2500 

. Subcut. 

0 

9 

4.0 

45 0 



1 

29 

4 3 

41 5 



.3 

27 

2 3 

22 0 


Per os 

0 

10 

4.0 

SO.O 



I 

30 

7 0 

40 0 



3 

35 

5 6 

31 0 

5000 

Subcut. 

1 

15 

3 0 

50 0 



3 

20 

2 3 

20 0 



5 

15 

2 4 

14 0 


Per os 

I 

10 

9.0 

CO 0 



3 

20 

0 G 

25 0 



5 

15 

7 0 

20 0 

Controls . 

. 

. . 

48 

2 0 

2 5 


* Interval bclueen treatment and infection. 


The question arose whctlicr these differ- 
ences in the blood level were of therapeutic 
significance. .-V suitalile way of obtaining 
information to this point seemed the in- 
vestigation of the propliylactic activity of 
large single do<cs of penicillin. 

Doses of 2ri00 and .'lOOO u.,'20 gm. were 


pneumonia during this period, it might 
appear tliat the oral prophylactic dose 
was even somewhat more effective. 

Similar results were obtained in intra- 
abdominal streptococcal infections; these 
experiments will be published in the near 
future. 
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Discussion. The intranasal infection of 
mice with Types 1 and 2 pneumococcus 
which produced fatal pneumonia and 
septicemia responded readily to subcuta- 
neous treatment with penicillin. Com- 
paratively high doses, 1000 u. (Type 1) 
to 2000 u. (^pe 2), were required to 
control the infection in approximately 
half of the treated animals. Higher doses 
gave a correspondingly higher percentage 
of survivors. 

The observation that the oral adminis- 
tration of penicillin was as effective as the 
parenteral one was in agreement nnth our 
earlier findings*^ in infections nath men- 
ingococci, Salmonella and Borrclia notyi. 
In these infections which required high 
doses of penicillin (200 u. and more), the 
ratio 

M inimal oral dose 
Minimal subcutaneous dose 

was small and did not exceed values of 
1 to 2. On the other hand, in infections 
wdrich responded to comparativelj' small 
doses of penicillin, c. g., the intra-abdom- 
inal streptococcal and pneumococcal in- 
fections, the ratio was about 10. In more 
severe infections or in infections with 
more resistant organisms which required 
higher doses of penicillin by the parenteral 
route the ratio oral/subcutaneous dose 
showed a tendencj' to drop. The com- 
parison of intra-abdominal pneumococcus 
infection (ratio 8 to 10’^) and intranasal 
infection (ratio 1) is only one example; the 
same relation was found in streptococcal 
infections. IMiile, for instance, the ratio 
oral/subcutaneous dose w’as 10 in infec- 
tions with 1000 m.l.d., it dropped to 1.5 if 
1,000,000 m.l.d. of the same streptococcus 
strain were used for the infection. 

The determination of the blood level 
seemed to offer an explanation for these 
findings, because in the later intervals after 
high doses of penicillin, the concentrations 
of penicillin in the senim were almost 
identical whether the drug was given per os 
or subcutaneously. That would mean 
that the very high initial peak which was 
only observed after parenteral adminis- 
tration was of lesser significance than the 
consistent level of comparatively low con- 


centrations to be found in the serum dur- 
ing the hours following the subcutaneous 
as well as the oral administration. 

From the prophylactic and therapeutic 
experiments in mice, we might dravr the 
conclusion that there was no decisive influ- 
ence of the peak concentration after high 
doses of penicillin. The blood level reach- 
ed after the oral doses was obwously suffi- 
cient not only to protect mice against the 
intranasal infection but also to prevent 
septicemia and death if the treatment was 
started 1 hour after the infection. 

Ildiether these findings have some bear- 
ing on the penicillin therapy of infections 
in humans cannot be decided at the pres- 
ent moment because only scanty informa- 
tion as to the dosage and effectiveness oi 
oral penicillin treatment in different trpes 
of infections is available. We have, how- 
ever, the impression that the oral route of 
penicillin administration based on an ade- 
quate dosage schedule might be useful in 
all conditions where a consistent blood 
level has to be maintained over a longer 
period of time. 

Summary. 1. Penicillin exerted a very 
definite effect in the prevention of pneu- 
monia of mice caused by intranasal infec- 
tion with the pneumococcus Type 1 
Tyqje 2. 

2. The minimal active total dose m 

Tjqae 1 infections was 800 to 1000 unit.s 
per 20 gm. given subcutaneously in 2 to 
4 treatments, while Type 2 required a 
total dose of 1800 to 2000 u. ^ 

3. In intranasal pneumococcus T.'pe - 
infection of mice, oral administration o 
penicillin wits as effective as the subcuta- 
neous route. Tliis was found not on > ■ 
penicillin was given 1 hour after the m cc 
tion but also in prophylactic c.xpcnmcn . 
when the mice were infected l_^o a noim 
after the administration of penicillin.^ 

4. The determination of the pcnici m 
level in the scrum of mice seemed to 
gest that tlie concentrations ohtainei n ic* 
high oral doses were sufficient to con to 
the intranasal pneumococcus ’mW ion. 
although they did not produce “y ' 
initial peak of the senim level as o 
after parenteral injection. 
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It has been reported that rats receiving 
succinylsulfathiazole in stock or natural 
diets grow normally and show no evidence 
of nutritional deficiencies.®’® In contrast, 
the inclusion of succin 3 dsulfathiazole in 
the usual adequate highly 'purified diets 
renders such diets incapable of supporting 
normal growth. The feeding of these 
diets leads to the development of a variety 
of deficiency signs including alopecia, 
achromotrichia, porphjTin-stained whis- 
kers, leukopenia and agranulocytosis.^’®-'® 
These outward manifestations of nutri- 
tional deficiencies are accompanied bj' de- 
creased hepatic storage and fecal elimina- 
tion of folic acid, biotin and even panto- 
thenic acid. The administration of folic 
acid and biotin will restore such animals 
to normalcy with respect to both appear- 
ance and hepatic ritamin storage.*® 

Although no apparent detrimental ef- 
fects result from the feeding of succinyl- 
sulfathiazole to rats on stock diets, it 
should be recognized that it is quite pos- 
sible for an animal to appear normal, but 
to possess a tissue vitamin storage indica- 
tive of a latent or borderline deficienc\\ 
Consequentlv' these additional growth 
studies have included determinations of 
the hepatic storage and fecal elimination 
of folic acid, biotin and pantothenic acid 
when rats were fed succinjlsulfathiazole 
in a complete diet. Fecal Escherichia coli 
counts also have been made as a measure 
of the bacteriostatic effectiveness of the 
drug. 

Procedure. Thirty-two weanling male 
albino rats were separated into 2 equivalent 
groups and were caged individual!}' over 
wide-mesh screenina. They were given food 
and water ad libitum . Group 1 received a 
diet of Oofe powdered “Friskies” and 5Sc 


Wilson’s I to 20 liver powder. Group 2 
received a diet composed of 90 parts of the 
above ration and 10 parts of succinylsulfa- 
thiazole. The ratio of succinylsulfathiazole 
to calories consumed in this diet is approxi- 
mately 3 times that e.xisting when succinyl- 
sulfathiazole is administered in its usual do- 
sage to human patients. On a gm./kilo/day 
basis the rats ingested 20 to 40 times the 
recommended human dose. The experi- 
ment was of 8 weeks duration and the rats 
were weighed at weekly inten^als. Occa- 
sional food intake determinations were car- 
ried out on representative rats throughout 
the e.xperiment. At inten'als vitamin deter- 
minations also were carried out on complete 
24 hour fecal collections. The fecal E. coli 
coimts w’ere made on representative rats 
after they had consumed the diet for 8 weeks. 
At the conclusion of the experiment all of 
the animals were killed b}’’ decapitation and 
representative livers were assayed microbio- 
logically for the various B vitamins studied. 

The preparation of the fecal and liver 
samples for microbiologic assay has been 
described previously." Foh’c acid w'as deter- 
mined microbiologicaUy with Lactobacillus 
casei as the assay organism.® Biotin, panto- 
thenic acid and nicotinic acid were deter- 
mined with Lactobacillus arabinosus.^-^’^ 
Ten mg. of para-aminobenzoic acid per 
100 ml. were included in the assay medium 
as a sulfonamide inhibitor in the microbio- 
logic assay of feces. A folic acid concentrate 
was used as a standard in the microbiologic 
assay of folic acid. The standard has been 
assayed against a sample of sjmthetic Lact^ 
bacillus casei factor, supplied through the 
courtes}' of the Lederle Laboratories, and 
the results have been recalculated in terms 
of the presumably pure factor. The E. colt 
counts were obtained by a dilution p'atc 
count method using desoxycbolate agar as a 
differential medium. 

Results and Discussion. The data oi^ 
tainecl have been summarized in Table I. 
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The inclusion of 10 % succinylsulfathia- 
zole in the adequate non-sjmthetic diet 
employed did not alter significantly the 
growth or normal appearance of the rats. 
The rats consuming the succinylsulfathia- 
zole-containing diet ingested significantly 
more food even when the food intakes were 
corrected for the fact that only 90% of 
the diet was nutritive material. The 
average amount of feces produced per day 
by the rats consuming the sulfonamide 
diet was a little higher than that pro- 
duced by the rats on the control diet. 
The difference was not statistically signifi- 
cant, however, probably because of the 
great variability in daily feces production 
that exists in rats. 

The fecal elimination of folic acid was 
significantly depressed in the rats consum- 
ing the succinylsulfathiazole diet. Miller 
has showm, in vitro, that sub-bacteriostatic 
amounts of sulfanilamide markedly de- 
crease the amount of folic acid synthe- 
sized by E. coli.^ Probably this phenome- 


non occurs also Yith other intestinal 
organisms and other sulfonamides. In the 
present e.xperiment the fecal elimination 
of biotin, pantothenic acid and nicotinic 
acid was not significantly altered by the 
administration of succinylsulfathiazole. 

TJie hepatic storage of folic acid was 
found to be 5 (4. 1-6.2) 7/gm. in the con- 
trol animals and 2.5 (2-3,5) 7/gm. in the 
sulfonamide-fed group. This difference is 
statistically significant. Prew’ous studies 
have shown that the folic acid content of 
the liver of rats fed natural diets may 
range from about 4-12 7/gm.^'“ When 
rats are reared on highly ■purified diets 
which furnish no external source of folic 
acid to the rat, but which are entirely 
adequate for normal growth, the animals 
are able, probably by bacterial sjmthesis 
in the intestine, to build up an hepatic 
storage of folic acid in the order of 0.6- 
1,5 7/gm. The inclusion of succinylsulfa- 
thiazole in the diet reduces this value to 
0.2-0.6 7/gm. and deficiency sjunptoms 


Table 1.— Su.m.maby or ExPEni.ME.VTAL Data 


Initial weiRht, gm. 

Final weight, gra. 

Control group* 

59 (54-00) (10) 

230 (214-270) (10) 

Succinj'hulfathiazolc- 
fed group* 

GO (50-08) (10) 

231 (188-271) (16) 

Ft 

0 1-0 2 

0 5-0 0 

Food intake, gm./d.ay 

10 S (14-20) (30) 

20 5 (15-24) (30) 

<0 01 

Corrected food intake, gm./day 


IS 5 (13 5-21 0) (30) 

<0 01 

E. coH organisms in feces, No./gm. . 

400,000 

(128,000-900.000) (3) 

270 

(20-500) (3) 


Feres produced, gm./day 

9 7 (7 0-12 5) (5) 

12 7 (8 G-I9 7) (0) 

0 1-0 2 

Fecal elimination of: 

Folic acid, y/d.ay . 

Biotin, y/d.ay 

Pantothenic acid, y/d.ay . 
Nicotinic acid, y/day . 

.31 (20-dl) (5) 

5 3 (3 3-0 7) (5) 

410 (3 11-184) (5) 

525 (403-570) (3) 

17 (9-20) (0) 

4 3 (3 S-1 9) (5) 

339 (232-130) (0) 

507 (474-552) (3) 

<0 01 

0 2 

0 03-0 1 

0 0-0 7 

Hepatic storage of; 

Folic acid, i/gm. 

Biotin, y/gm. 

Pantothenic acid. y/gm. . 

5 0 (4 1-0 2) (.8) 

0 93 (0 S2-1 0) (8) 

00 (52-00) (8) 

2 5 (2 0-3 5) (8) 

0 S3 (0 77-0 91) (8) 

05 (52-75) (81 

<0 01 

0 02-0 05 
0 2 


♦ Aecoinpnnyinf: the .iwrarc toIup? prc.'entod are (1) tlie rariKc in valiic^! obtained, and (2) the number 
of animals involved or determinations performed. 

t The P v.aliies or picnifieance were c.ilculated by the I test where 


j ^1 — xr < for .'50 or more obrervations = ~ 

S'„’. -• 

t for le-.s than SO ohscr^Titions 

n (n — 1) 

De;:rees of free<iom = n; -h n; — 2 
e are indebted to Mr. .To>eph L, Ctmincra for the btatistical calculations. 
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are encountered. The hepatic storage of 
folic acid found in the present sulfonamide- 
fed group -was 2 to 4 times that found in 
rats reared on purified diets and 5 to 
10 times that found in rats actually show- 
ing evidence of a folic acid deficiency. It 
should be noted that folic acid is unique 
among the B Autamins in that the liver 
storage ordinarily found in stock rats is 
approximately 20 times the level found in 
deficient rats. In contrast, pantothenic 
acid, riboflaAun, or biotin-deficient rats 
have an hepatic storage of the limiting 
factor that is one-third to one-half that 
found in stock rats. 

Despite the long-continued feeding of 
succinylsulfathiazole the coliform organ- 
isms were essentially absent from the 
feces at the conclusion of the experiment. 
Results have been reported in which E. coli 
organisms reestablished themselves fol- 
lonfing administration of succinylsulfa- 
thiazole for a period of several weeks.' 
The sulfonamide was fed at a level of 
0.5% and it is possible that this concen- 
tration permitted sulfonamide resistant 
strains to develop and become reestab- 
lished in the intestine. 

In the present experiment leukocj'te 
counts were not made. It has been our 
experience that low leukocyte counts and 
agranulocytosis do not occur independent 


of a depression in growth or a decrease in 
the hepatic storage of folic acid below a 
level of about 0.8 y/gm. 

Summary. 1. Succinylsulfathiazole was 
administered to growing rats over an 8 
week period in a dose -ndiich, in comparison 
with the prescribed human dose, was 
approximatelj' 3 times greater on the basis 
of % of food intake and 20 to 40 times 
greater on the basis of gm. per kg, of body 
Aveight. 

2. The growth, general appearance, 
hepatic storage of biotin and pantothenic 
acid and fecal elimination of biotin, 
pantothenic acid and nicotinic acid were 
not significantly influenced by the in- 
gestion of the sulfonamide. 

3. The animals consuming the sulfon- 
amide-containing diet eliminated signifi- 
cantly less folic acid in the feces and at 
the conclusion of the experiment were 
found to haA'e significantly less folic acid 
stored in the liA^er. The hepatic storage 
of folic acid was, however, approximately 
3 l.imes that found in rats receiving ade- 
quate highly purified diets and S to 10 
times that found in folic acid deficient 
animals. 

4. The E. coil organisms were practi- 
cally eliminated from the feces of the 
succinydsulfathiazole-fed rats. 
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EFFECT OF CITRATE ON THE REACTIONS OF LEAD WITH BLOOD 

CELLS AND PLASMA* 

By R. a. Mortensen, Ph.D. 

rnoFESSon or BiocHEMisTnv 
EOMA EIN’DA, CAEIFOKNIA 

(From the Department of Biochemistry, School of Medicine, College of Medical Evangelists) 


In papers dealing with the use of sodium 
citrate as an agent in the treatment of 
plumbism, Kety and Letonoff®'® presented 
evidence that the administration of the 
citrate results in the prompt reduction of 
the concentration of lead in the blood and, 
in most cases, an increase in its excretion. 
These observations were subsequently con- 
firmed by Cantarow and Trumper.® Pre- 
viously, Aub and co-workers' noted a 
slight increase in the rate of lead excretion 
following sodium citrate administration. 

It has long been known that citrate solu- 
tions dissolve certain relatively insoluble 
lead salts, an action which has been attrib- 
uted to the formation of a soluble lead 
citrate complex. Proof of the existence of 
such a complex in dilute solutions was 
obtained by Kety,'' who concluded that 
even the normal plasma citrate may be 
responsible for keeping otherwise insoluble 
lead compounds in solutions and, hence, 
for their physiologic removal from the 
blood. This conclu.sion has been ques- 
tioned, however, by Bambach, Kehoe and 
Logan® on the basis that lead is carried 
mainly in the cells. 

In view of these observations, it seemed 
of interest to investigate further the 
mechanism by which citrate influences 
lead metabolism. The present paper deals 
with the efleet of citrate on the combina- 
tion of lead with cells and plasma, as 
indicated by changes produced in: (a) the 
plasma cell partition; {b) the ability of the 
cells to remove lead from the idasmu; and 
(e) the proportion of diiTusilile lead in the 
plasma as determinetl by ultrafihration. 
.\ny process that alters the.-c factors might 
ixaisonably be expwted to afTect the 
mobiliration and excretion of lead. 


Methods. All experiments were performed 
with freshl}’’ drawn human blood in vitro at 
a temperature of 37.5° C. {In vivo studies 
will be the subject of a subsequent paper.) 
Heparin was used as the anticoagulant. 
Solutions of lead chloride and sodium citrate 
were added in small amounts to the blood 
or other fluid under investigation by means 
of micropipettes, .sq that the total increase 
in volume did not exceed 2% of the volume 
of the specimen. 

Lead analyses were made b}" using radium 
D, an isotope of lead, as a radio-active indi- 
cator and measuring the actiritj' with a 
Geiger-Mtiller counter, as previously describ- 
ed." While the values olitained by this 
method represent added lead onl}', they 
roughly approximate the total amounts 
under the conditions employed in this work, 
where the quantity of lead initially present 
was always small in comparison with that 
added. For the experiments involving the 
addition of relatively small amounts of lead, 
blood specimens having an initial concentra- 
tion of less than 0.01 mg. per 100 cc., as found 
by the dithizonc method, were selected. The 
concentration of lead in the cells was calcu- 
lated from the hematocrit value and from 
the concentrations in whole blood and in 
plasma, except in the few cases in which the 
cells, after separation from the plasma, were 
suspended in saline and anab'zed directly. 

Xo attempt was made to detennine the 
initial citrate content of the blood specimens. 
Xormal plasma contains from 1.5 to 4 mg. 
per 100 cc., according to wScher.^tcn," but 
as much as one-fifth of the amount contained 
in a sample may disappear within 1 hour." 
All concentrations given in the present paper 
refer to added citrate only. 

Ultrafiltrates were obtained by means of a 
filterinc system constructed of glas- vessel^ 
and a membrane of dialyzer cellophane which 
had been soaked in sevcr.al changes of dis- 
tilled water to remove the glycerol. The 


• This iiivt'.'tigatian .nitied by a pr-nnt from the Ahimni Re--'nrcli Foundr.tion of the CoU'-re 
of F.vnnp'lict.^. 
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solution and filtrate could come in contact 
vdth. nothing but glass and the membrane at 
any point. A positive pressure of about 
450 nun, of mercury was employed. With 
this apparatus, ultrafiltrates of plasma and 
serum gave negative coagulation tests with 
heat and acetic acid. 

Results. Plasma Cell Partition. After 
preliminary tests, which indicated that in 
some instances sodium citrate alters the' 
distribution of lead betn-een the plasma 
and ceils, the effect of various concentra- 
tions of citrate with different levels of lead 
was investigated. In the first experiment, 
graded amounts of the citrate were added 
to 2 cc. samples of blood. Active lead 
chloride was then introduced, so as to 
give a predetermined lead concentration. 
After standing for 20 minutes with occa- 
sional gentle inversion, the mixtures were 
centrifuged, and samples of plasma were 
analyzed for lead. Typical results are 
presented in Figure 1/1. With a total lead 
concentration of 0.1 mg. per 100 cc., less 
than 4% of the lead remained in the 
plasma, and the addition of citrate had 
only a slight effect on the amount found 
in this fraction of the blood. At the level 


of 0.2 mg. per 100 cc., the proportion of 
lead in the plasma of untreated blood was 
greater, but was considerably reduced by 
the presence of the citrate. 

In this’ connection, it may be pointed out 
that in clinical and experimental lead 
poisoning, more than 90% of the element 
is held by the cells.®’” A similar distribu- 
tion is usually found when soluble lead 
salts are mixed "with blood in vitro, pro- 
vided the concentration is kept compara- 
tively low, e. g., 0.1 mg. per 100 cc. How- 
ever, the present results show that at 
higher levels, a higher, but variable, per- 
centage of lead may be found in the 
plasma, the actual percentage apparently 
depending upon the manner of mixing, as 
w’ell as upon individual variations in blood 
specimens. It is at the higher lead levels 
that the effect of citrate in facilitating the 
uptake bj' the cells becomes most exddcnt. 

A blank e.xperiment was performed by 
repeating the procedure with samples of 
plasma instead of whole blood. In every 
case the concentration of lead was the 
same in the upper and lower portions of 
the plasma after centrifuging, thus indicat- 
ing that the disappearance of lead from 



Fjo. 1. — The efTcct of citrate on tfie distribution of lend between coli'i and plasma. Solid liaei Tcfre- 
“ent a lead concentration of approximately 0.2 rap;, per 100 cc ; dotted linen indicate 0.1 mp. per 100 cc. 
A. Le.nd added to blood cont.nining ciirate. B, Blood treated with citrate after the addition of le-atl. 
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the plasma, with increasing amounts of 
citrate, was dependent upon reaction with 
the cells. 

Figure IB shows results obtained in 
the same way as those represented in 
Figure lA, except that the lead was added 
to the blood first, and the mixture was 
allowed to stand for 20 minutes before the 
introduction of citrate. It will be noted 
that the citrate produces a smaller effect 
on the plasma cell partition when added 
to blood previously mixed with the lead. 

The effect of the length of time elapsing 
between the addition of citrate and cen- 
trifugation was also studied. In one experi- 
ment in which sodium citrate was added 
to the blood with a lead concentration of 
0.18 mg. per 100 cc., 14 and 5% of the 
lead was found in the plasma fractions at 
the end of 5 and 20 minutes, respectively, 
while in untreated controls the correspond- 
ing values were 34 and 32%. Very little 
change occurred after the first 20 minutes, 
irre.spcctive of amount of citrate present. 
Blood samples were also treated with 
solutions of certain other substances which 
have been advocated for use as “de- 
leading agents” — sodium bicarbonate, sod- 
ium thiosulfate, potassium iodide, disod- 
ium phosphate and ascorbic acid — but in 
no case was the distribution of lead meas- 
urably different from that in untreated 
controls. 


remove considerably less of the element 
than could be expected from the results 
of introducing lead solutions directly into 
whole blood. According to the latter 
authors, these observations indicate the 
formation of some type of combination 
of lead and plasma. In the present work, 
a study was made of the influence of 
citrate on the ability of lead to thus com- 
bine with plasma. 

Blood samples were treated with varying 
amounts of sodium citrate. The plasma 
was then separated, and mixed with active 
lead chloride. After standing for 10 min- 
utes, it was returned to the cells. All 
samples had a final lead concentration of 
approximately 0.1 mg. per 100 cc. At 
the end of 20 more minutes, the mixtures 
were centrifuged and the two blood frac- 
tions analyzed for lead. The results 
(Table 1) show that under the conditions 
of these experiments, the presence of added 
citrate greatly increases the amount of 
lead transferred to the cells. While 33% 
remained in the plasma in the absence of 
citrate, all but 7 %, for example, was re- 
moved by the cells in presence of 15 mg. 
of citrate per 100 cc. Thus the ability of 
the plasma to withhold from the cells, 
lead previously mi.xed with it, is greatly 
reduced by the addition of sufficient 
citrate. 


Table 1,— Effect or Citbate ok the Adilitv of Cells to Remove Lead Fbom Plasma 


S.implc 

CitLite 
(ing./lOO cc.) 

Lead in coils 
(rnc./lOO cc.) 

IA^ad in pla.sma 
(ms./lOO cc.) 

% Ic.nd ii 
plasma 

1 . . . 

. . . . 0 

0 14 

0 005 

32 

2 

.3 

0 14 

0 059 

29 

Z . . . 

5 

0 15 

0 019 

24 

4 . . 

15 

0 19 

0 014 

7 

5 

. ... 30 

0 19 

0 OOS 

4 


Comhiuniioii of Cells With Lead in 
Plasma. Aub and co-workers- noted that 
lead mi.xed with scrum could no longer 
produce its usual effects on the red cells. 
.-\s stated by Minot,’'' lead appears to be 
inactivated by admixture with serum. 
Bambach, Kohoo and Ltigam made the 
further observation that when celLs are 
.■5e])arated from phisma, and are returned 
aft»-r adding lead to the plasma, they 


The influence of time on this action 
of citrate is shown in Table 2. Samples of 
the rcmi.xed blood, containing the same 
amount of lead as before and 15 mg. of 
citrate per 100 cc., were centrifuged at 
different periods of time after mixing. 
Other .‘samples containing no citrate served 
as controls. .-Vs can be seen from the 
data, lead is taken up rapidly by the cells 
in the presence of citrate. It will also be 
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noted, incidentally, that the percentages 
of lead in the plasma are somewhat higher 
than the corresponding values obtained 
in the previous experiment (Table 1). 
Such variations were encountered when 
the specimens were collected at different 
times and from different individuals. 
Nevertheless, both sets of data clearly 
show the “activating” effect of citrate on 
lead mi-xed with plasma. 


Combination of Cells With Lead in 
Ringer’s Solution. In this experiment, 
washed cells were mi.xed with lead and 
citrate dissolved in a special Ringer’s 
solution containing phosphate, as used by 
Aub and co-workers.- All samples had a 
final lead content of approximately 0.1 mg. 
per 100 cc. One series of mixtures was 
centrifuged after 5 minutes, and another 
at the end of 30 minutes. As shown in 


Table 2. — Effect op Time ok the Ability op Cells to Remove Lead From Plasma 


Time after Without citrate 

mixing cells — — ■ 

and plasma Lead in cells Lead in plasma 

(min.) (mg./lOOcc.) (mg./lOOcc.) 

2 0 038 0.16 

10 0 067 0 13 

30 0.0S2 0.12 

60 0.0S8 0.11 


Transfer of Lead From Cells to Plasma. 
The reversibility of this reaction wms also 
investigated. Results reported previously'^ 
showed that lead passes readily from cells 
to plasma in experimental animals. On 
the other hand, Blumberg and Scott' failed 
to remove appreciable quantities of lead 
by washing cells twice with isotonic saline. 
In the present work, 3 samples of blood 
containing 0, 5 and 15 mg. of citrate per 
100 cc., respectively, were allowed to stand 
until the cells had reached equilibrium 
with lead in the plasma. The cells were 
then centrifuged down, separated as com- 
pletely as possible from the plasma, and 
washed 3 times for 5 minutes with an equal 
volume of fresh plasma containing no 
added lead. Analyses made on the plasma 
washings and on the washed cells revealed 
that the second and third washings had 
each removed from 2 to 3% of the lead, 
which was almost as much as could be 
expected from the results of distribution 
studies’' on blood having a similar lead 
content (O.l mg. per 100 cc.). The per- 
centages of lead removed from the 3 sam- 
ples were the same, however, within the 
limits of experimental error. It may be 
concluded, therefore, that the tnmsfcr of 
lead from the cells to the pla.'^ma is not 
appreciably affected by the presence of 
extra citnuc. 


With citrate 


% lead in 

Lead in cells 

Lead in plasma 

% lead in 

plasma 

(mg./lOO cc.) 

(mK./lOO cc.) 

plasma 

81 

0.15 

0.051 

2G 

C7 

O.IS 

0.025 

12 

59 

O.IS 

0 020 

10 

56 

0.18 

0.019 

9 


Table 3, even a comparatively low con- 
centration of citrate produced a large in- 
crease in the amount of lead taken up by 
the cells and, unexpectedly, higher con- 
centrations proved to be somewhat less 
effective. In blank tests performed with 
similar concentrations, no sedimentation 
of lead occurred in the absence of cells. 

Vltrafiltration. Plasma and scrum sam- 
ples were treated, in turn, with sodium 
citrate and lead chloride, and allowed to 
stand a few minutes, after which, the 
mixtures (containing 0.1 mg. of lead per 
100 cc.) were subjected to ultraliltration. 
Table 4 gives the concentrations of lead in 
in the ultrafiltrates, expressed in terms of 
% of the original plasma and serum con- 
centrations. Each value represents the 
average of 2 determinations made on 
successive fractions of ultrafiltrate. The 
data indicate that citrate increases the 
percentage of diffusible lead, as thus deter- 
mined, in plasma and in scrum. 

Discussion. These actions of citrate 
appear to be possible factors in the in- 
crcjised mobilization and excretion of lead 
observed in sodium citrate therapy. The 
fact that citrate promotes the removal of 
lead from plasma and from Ringer s solu- 
tion, suggests that it may aid in the mobil- 
ization of the element by incre.xsing the 
capacity of the cells to combine with lend 
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from the tissue fluid. This factor, coupled 
witli the increase in the proportion of the 
diffusible form produced by citrate, should 
result in a freer exchange of lead between 
the tissues and the blood. The increased 
diffusibility should also make more of the 
element available for excretion. 


factors. Citrate ion is knowm to exhibit 
a moderate indifference to cells. It is 
possible that its properties are so modified 
by the lead as to permit the complex to 
combine readily with the cells. However, 
it seems more likely that citrate ion serves 
as a carrier which taljes up and then 


Table 3. — ErrECT or Cithate on the Ability or Cells to Remove Leap Fhom Ringeb’b 

Solution Containing Phosphate 


Sample 

Time before 
centrifucinR 
(min.) 

Citrate 
(mg./lOO cc.) 

Lead in cells 
(mg./IOO cc.) 

Lead in ‘‘plaismn” 
(mg./lbO cc.) 

% Ic.ad in 
■■pl.asmfl” 

1 . . 

. 5 

0 

0 09 

0 no 

55 

2 

. . 5 

3 

0 IS 

0 020 

10 

3 

. 5 

5 

0 IS 

0 023 

12 

4 

. 30 

0 

0 11 

0.090 

45 

5 

. . 30 

' ? 

0.18 

0 021 

11 

C . 

30 

5 

0 17 

0.031 

IG 

7 . . 

30 

15 

0 IG 

0 041 

21 

8 . . 

, . 30 

GO 

0 10 

0 090 

47 


Table 4.— Epfect or Citbate on the % or Diffusible Lead in Plasma and Sebum as 

Detebmined by Ultbafiltbation 


Citrate 
(ms./lOO cc.) 

0 

S 

20 


Lc.nd in plasma 
ultrafiltrate 
(%) 

0 

IS 

30 


Lead in scrum 
ultrafiltrate 
(%) 

9 

15 

3S 


In considering these results in relation 
to therapy, it should be noted that the 
range of citrate concentrations employed 
in most of the experiments included some 
values which undoubtedly arc consider- 
ably above those attained in the body. 
The admini.stration of sodium citrate is 
known, however, to result in an elevation 
of blood citrate, and could be expected to 
influence the behavior of lead in the i)lood 
to a corresponding extent. 

The experimental results are probably 
best explained on the Via.sis of an increased 
reaction of citrate ion with lead ion to 
form the soluble complex,' in competition 
with other pla.sma constituents which also 
combine with lead. Additional evidence 
for the pR'sence of this complex in solu- 
tions containing lead and citrate ions has 
recently been obtained by Ilobtelsky and 
•Iordan.*' Although this cx]ilanation ap- 
jiears adequate to atvount for the observeil 
rx'diiction in the noiwliffusible form in the 
plasma, the incre.ased ability of t'clls to 
combitie with le.-ui may also involve other 


releases lead ion to the cells. The latter 
view appears to find support in the ob- 
servation that in Kinger’s solution a rela- 
tively low concentration of citrate greatly 
increases the amount of lead taken up by 
the cells, while higher concentrations pro- 
duce a smaller effect. 

Summary. 1. The effect of sodium 
citrate on the distribution of lead between 
the phusma and cells, and on the propor- 
tion of diffusible lead in plasma and 
serum, has been investigated, using the 
isotope, radium D, as a radioactive indi- 
cator. 

2. \\hen lead is added to blood in riiro 
at such concentrations that a large frac- 
tion ordinarily remains in the plasma, the 
presence of added citrate increase.s the j>er- 
centage of lead taken up by the cells. 

•‘i. The addition of citrate greatly in- 
creases the ability of the cells to combine 
with lead previously mixed with plasma 
or with llingcr's solution containing phos- 
phate. 
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4. Lead is readily transferred from cells of non-diffusible lead in plasma and serum, 
to plasma, but citrate has little or no effect as determined bj’’ ultrafiltration. 

on the process. 6. The possible bearing of these results 

5. Added citrate reduces the proportion on citrate therapy is briefly discussed. 

I am indebted to Miss Margaret Anderson for technical assistance. 
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ALTERATION OF THE ELECTROCARDIOGRAPHIC P WAVES IN ACUTE 
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Although many reports have been 
made of electrocardiographic changes in 
patients with acute rheumatic fever, *•*'’•*-•’* 
there have been few detailed analyses of 
the frequency of various abnormalities or 
their changes during various stages of 
clinical activity of the disease. Wendkos 
and Nolb“ present a recent summary of 
most of the ehanges that occur during 
active rheumatic fever, including delay 
or deformity of the QRS complex, modi- 
fication of the S-T segment and the 
T waves, as well as auriculoventricular 
conduction delay. During the 1943 epi- 
demic of acute rheumatic fever at the 
United States Army Air Forces Station 
Hospital at I.owry Field, Colorado, these 
and certain other changes considered sig- 
nificant were observed. Since it has not 
received special comment previously, the 
modification of P waves observed in rheu- 
matic fever is considered worthy of report. 

It would be expected from the frequent 
extensive involvement of the atrial muscle 
that the electrocardiographic P waves 
would be modified during the active phases 
of acute rheumatic fever. It is believed 
that such changes commonly occur b\it 
that there has been hesitancy in either 
recognizing or reporting them Ijccause of 
the normal variations in form and direc- 
tion of P waves, esiwcially in Lead III. 
The respiratory cycle variations of P 3 is 
notably great. 

.Mtcrations of form, amplitude, dura- 
tion and direction have not only been 
described in arrhythmias involving aber- 
rations of atrial pacernaking and conduc- 
tion, hut likewise in mitral stenosis.'” 
and jndmonary valve stenosis.* There 
have also been sludics of tlu' P waves in 
esophageal loads,'-' Juyoeanlial infarc- 

■xoi,, iJl., NO. o — ^r^?^vnrr.. jj 


tion,"*'® and myocardial failure.^ Recently 
there has been a detailed study of the 
electrical axis' of P waves in normal sub- 
jects and in those with atrial arrhyth- 
mias. The variations in electrical axis 
seem to have been influenced more by the 
size and position of the auricles than by 
intrinsic changes in the myocardium 
affecting conduction. 

P wave changes as herein reported in 
acute rheumatic fever cases are thought 
to be significant, especially when succes- 
sive records show changes in form- that 
seem to coincide with increased activity 
of the disease. Flattened, diphasic or 
inverted Fs wa\-es were not considered 
significant unless the abnormality was 
great enough to modify P 2 as well as P 3 
and exhibit changing form on successive 
records. However, changes of lesser 
degree may be considered significant in 
future studies. The respiratory variation 
of P 3 was adequately discounted in evalu- 
ating the changes interpreted as abnormal. 
Pi variations generally were accompanied 
by similar modifications of Pa and of P; 
to an appreciable degree less frequently. 

In 60 successive active acute rheumatic 
fever cases studied, out of . 00 1 observed 
during the period of January 1943 through 
September 1943, S (approximately 11.7%) 
showed significant flattening or inversion 
of P waves. Five of these cases showed 
variations in successive records taken at 
weekly intervals and the flattening or 
inversion of these waves generally seemed 
to coincide with a period of activity, cor- 
roborated by clinical and labor.vtory evi- 
dences. Of the 8 cases, o presented flat- 
tening or inversion of P; and Pr. 2 demon- 
strated alterations in P waves in all leads 
inchuling Lead IV I', and 1 sb.owed only 
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Pi and p4 inversion. It is apparent from 
these cases that changes are more com- 
mon in Lead III than in Leads I or IV F. 
In view of the greater prominence of 
auricular flutter waves in Lead III than 
in Lead I, probably due to the more per- 
pendicular position of this lead to the 
average axis of the auricular vectors, it 
might be e.xpected to reflect more sensi- 
tively the changes in auricular conduc- 
tion. Auricular changes would likeudse 
be expected in esophageal leads and such 
was demonstrated in 2 of the cases wnth 
abnormal P waves at 35 cm. and 40 cm. 
levels vTth loss of the initial upright phase 
of the sharp diphasic complex. 

These alterations in P wave directions 
are apparently' a sensitive indax of cardiac 
involvement in that in only 2 out of the 
S cases were other unequivocal electro- 
cardiographic abnormalities noted, namely 
a flattened Ti in 1 case and prolongation 
of the auriculoventricular conduction pe- 
riod in another. Diphasic Ta, flattening of 
T IV F, low voltage of the QRS and right 
axis de\nation occurred in 4 other cases 
but these changes could not be interpreted 
as definitely abnormal. Comment may 
be made that tendency toward right axis 
deviation was obsen'ed with unusual fre- 
quency in acute rheumatic fever patients, 
without e\'ident vahmlitis. No e.xplana- 
tion is offered for this finding. 

In addition to these S cases there were 
7 others in the GO studies in whicii minor 
P wave clianges were observed but were 
not considered significant. Greater ampli- 
fication of the waves may permit the 
development of more exact diagnostic 
criteria for such records, which now arc 
not considered diagnostic. 

Certain case histories serve to illustrate 
the relation of atrial changes in the elec- 
trocardiogram to the clinical activity of 
the acute rheumatic fever. 

Case Histories. Casz 1. Patient X, .age 
32, was admitted to the Station Hospital, 
Ix)wry Field on Aug. 4, 1943, vith p.ain, 
.cwellinc, redness and tenderness of both 
ankles and the right knee of 3 d.ays dura- 
tion. He had noted fatigue, dyspnea on 
c-xertion. and anorexia for the past 2 months, 


succeeding an upper respiratory tract infec- 
tion. There was a past histon' of recurrent 
pains in both ankles and lower legs, between 
the ages of 6 and 9 years. On admission the 
oral temperature was 99.4° F., the pulse 
rate 100 per minute, the white blood count 
8300 and the erydlirocyde sedimentation rate 
a mm. per hour (Cutler technique). Roent- 
gen films of the heart and lungs were nonnal. 
The electrocardiogram on Aug. 6, 1943, 
showed a low voltage in all leads, and a 
sharply' inverted Pj and slightly' inverted P,. 

On August 19, at which time all joint 
signs had subsided and the temperature had 
returned to normal, the Pj deflection had 
reverted to upright. The electrocardiogram 
on August 28 was unchanged except that 
voltage in all leads' had increased slightly. 
The sedimentation rates repeatedly remained 
normal as did the'deukooy'te count. This 
ease illustrates definite alteration of the 
direction of Pa during clinical actirity of 
acute rheumatic fever accompanied by low 
grade fever but no other laboratory eridcncc 
of actirity' of the disease. 

Case 2. (Figs. 1 and 2.) Patient Y, age 
19, was hospitalized at Buckley’ Field Sta- 
tion Hospital from July 2 to July 28, 1943, 
u'ith a characteristic initial attack of acute 
rheumatic fever. He was admitted to LouTy 
Field Station Hospital on July’ 29, 1943, with 
swelling, redness and tenderness of the knees, 
ankles and right shoulder and moderate pre- 
cordial pain, increased by cough. No other 
abnormal phy’sical findings were present. 
The temperature was 99° F. and the pulse 
rate was 96 per minute. The cry’throcytc 
sedimentation rate was 1 mm. in DO minutes. 
The Roentgen ray film of the chest shoved 
normal lung fields and prominence of the 
left cardiac border. The electrocardiogram 
on July 30 showed inversion of P; and P>. 

The course continued unchanged for 
2 weeks with an occasional elcvixtion of 
temperature from 99.2° F. to a maximum of 
100.2° F., slight tachycardia and joint pain=, 
but repeatedly normal leukocyte counts and 
ery’throcyte sedimentation rates. 

The temperature remained normal from 
mid-.\ugust through the l.^t week of Fct>- 
tcmlrcr, there was improvement in the 
of joint involvement and the clectrocarfh^ 
gram showed upright P: and Ps on August 3 . 
A slight increase of joint actirity and nuhl 
fever occurred in early .‘'’eptember and on 
Scptcmlxjr 14, P: again bec.ame in'ertf-* ■ 
TIic electroc-ardiogram on OctoVr 9 sho’.'.r-<i 
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some inversion of P2 and sharp inversion of 
P3 as on admission to the hospital, although 
no definite clinical change was noted. On 
October 23, although a progressive improve- 
ment was noted clinically, the inversion of 
P3 and flattening of P2 persisted. 

These waves became upright on October 27 
but again showed deep inversion on Octo- 


This case illustrates fluctuating changes 
in the P waves in Leads II and III, at times 
varying with the obvious clinical course, and 
at others alternating direction rather abrupt- 
Ij' during a recover^'' phase, without accom- 
panying signs of increased joint activity. 
In this patient there was likewise poor 
confirmation of the obviously active arthritis 



Fig. 1.— Case 2. P.aticat Y 


her 30. In early November clinical improve- 
ment va< aj^jireciablo and the patient was 
fitvt allow ixl to sit up on November 1.5. 
The elect rocardionram of November IS 
.showe<i a further return to upridd of Pi 
and P,. S\ieeev-ive record^ showed no 
.alteration durinc conamlcscencc. 


by con=i'fent fever, increased leukocyte 
count or prolonced cra-throcyte sedimenta- 
tion rate. Nodcnificant elcctrocardioaraphic 
ch.ance^ occurred other than in the P wave'. 

C .3. (Pi". ,3.) Patient Z, atre 20, wa= 
admitted to I^wrj* Field Station Ho'pital 
on July 23, 1943, hadng had a moderately 
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severe sore throat 3 iveeks previousl 3 ^ Two er}*throc 3 'tic sedimentation rate fell (o 
days prior to admission he developed pamful. 14 mm. per hour on September 22 and to 
reddened, swollen ankles. On admission his 4 mm. per hour on October 6. The electro- 
temperature was 99.2° F., pulse rate 102 cardiogram on September 2 and 21 showed 
per minute, leukocyte count 9400 and an upright Pi and flattened Pir. 
er 3 throc 3 ''tic sedimentation rate of 25 mm. There was obAious chronic tonsillar infcc- 
per hour (Cutler technique). The electro- tion and 2 abscessed teeth. The latter 



I'm C.i-e 2. P.aicnt Y. 


cardio'zram on July 2S ^!Kn\ed inver-ion of were re.mnvc-1 on October 9 and the fonmr 
P, and P,r. SalieyLatc tlicrapy wa- in-ti- on October 2S. He was trari-ferrcd to lie* 
tutod and the joint involvement vlowl\- xiili- convale-cent ward on November 3, where h^ 
sided within the ne\t month hut the cr 3 ’thro- rem.nined free of joint ^vrnptoni- untd 
eytic sedimentation rate wa- ‘■till 2S inin. N*ovc.mb<T 1.3. On that dai' he d''ielojw-d 
{y'r hoar on Aucai-t Hi. Tiie eh'etrorardio- pain and ‘■welling of the ri^ht kre-r- .and o'l 
gram wa- unchanged on .-\.ugu-t 2d, with N'overnber IS, of the right •-honldfr, ih* 
per.'iitcnt inversion of Pi and P.,. The te.mpo.mture varied fro.m 100.2° to lOi' I 
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and pulse rate from 96 to 104 per minute monophasic inverted P wave at the 35 cm. 
in those 5 days but both returned to normal and 40 cm. levels. 

by November 22 under resumption of This case illustrated changes in Pi and P<r 
salicylate therapy. occurring concomitantly with an initial 

On November 17, his erythrocyte scdi- acute rheumatic arthritis, subsiding and re- 
mentation rate was again 27 mm. per hour occurring with a relapse following tonsillec- 



and In'- leukocyte count wa^; I.‘).200. The 
elcctrocardioirnun dem(ni-«twted inver^on of 
'1', ami T,. He gradually improved in the 
'^uccmlimr month, and on Novetnber 22 
his elcctrocaniioirram ^ho\\ed i^'vlectric P,r 
and ujwidit Ih. the white blood c<nmt bcim: 
TOW on November 2.3. On Dccemi'cr IG, 
the .standard e!('ctrocardio.:n\ph loads were 
unchanged but the csoj'hacc.a! Ic.uH. taken 
by l.t. Col. Ixsward WiUiam-:. showed a 


tomy and extraction of teeth. The P wave 
chances receded to normal m thi< patient 
prior to (he fall of tlie crviiirocyte codimen- 
tation rate tf) normal level-. No other «i"- 
nificant <ieviations from thenonn.al olcctn^ 
c.ardjocrarn were ob-erved in thi= c.m-e. 

No wnclu-ive explanation can be ofTerc<i 
for the develtvpmetit of thf>o chantres 
in the atrial clectrocardingraplnc waves. 


















326 SAiMPSON, KAPLAIC; ELECTROCARDIOGRAPHIC CHANGES IK EHEC3UTIC FEAER 


There have been minor differences of 
P-B- conduction time observed in some 
of the records, but these differences were 
not sufficiently consistent to indicate a 
positive relation to the causal mechanism 
of the deviations of the P waves. Modifica- 
tion of the quality or direction of conduc- 
tion through the muscle bundles of either 
or both auricles could account for the 
findings. This Avould notably be the case 
if it were generally accepted that such 
conduction takes place through certain 
bundle pathwa 5 's and that inequality of 
contraction of tlie 2 auricles is not a rare 
phenomenon (Luisada®). It seems im- 
probable that alteration of tlie pacemaker 
accounts for most of these progressive 
P vave changes,* although rarely an 
abrupt transient alteration of P wave 
form associated with variation in the P-B, 
conduction time occurred, suggesting a 
shift of pacemaker. 

Conclusions, 1. In 60 patients with 
acute rheumatic fever selected for detailed 


study at the AAP Station Hospital at 
Lowy Field, Colorado, significant change 
in the P waves of the electrocardiogram 
were observed in 8 of the patients and 
questionable alterations in 7 others 

2. These changes consisted of distinct 
flattening or inversion of the P vaves and 
occurred most frequently in Lead III and 
Lead II, but were likewise obserrcd, 
although less commonlv, in Lead I and 
Lead IV F. 

3. The alterations in the P wa\es gen- 
erally paralleled the clinical evidences of 
active joint invohement and subsided 
with clinical reco\ ery. 

4. TJiese P v ave deviations are regarded 
as diagnostically important in that tlicj 
often occurred unaccompanied 1).\ other 
electrocardiographic abnormalities and oc- 
casionally during periods A\hen clinical 
signs of active rheumatic fc\er were 
associated vith normal temperature, leu- 
kocyte count and erythrocyte sedimenta- 
tion rate. 
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It has been repeatedly stated” that 
hemolytic disease of the newborn can oc- 
cur without the presence of demonstrable 
Rh antibodies in the maternal serum. The 
converse of this statement has, however, 
appeared to our knowledge only twice in 
the literature up to the present time. 
Dockeray and Sachs® reported 4 cases in 
which they were able to demonstrate 
what appeared to be Rh iso-agglutinins 
in the Rh negative mother’s sera, yet 
these same motliers delivered 4 apparentlj' 
normal Rh positive infants. The second 
report of this nature, was by Goldbloom 
and Lubinski," who record 1 example of 
Rh iso-immunization in the mother with- 
out symptoms of hemolytic disease in the 
infant. 

The purpose of this paper is to describe 
2 additional cases in which we were able 
to demonstrate Rh iso-antiijodies in the 
maternal sera of Rh negative mothers 
without fintling evidence of hemolytic 
diHca.‘;e of the newborn in their Rh posi- 
tive offspring, and to discuss 2 mechanisms 
by which such ap])aront paradoxes could 
occur. 

Case Reports. CA.'^r, 1. Mrs. T. is a 
31 year old para I, gravida II, Wassennann 


reaction negative. Her first pregnancy ter- 
minated in a criminal abortion at about 
2 months of pregnancy, 5 years ago. The 
second pregnancy was entirely uneventful 
and terminated by the mid-forceps deliver}’’ 
of a living 3980 gm. male infant on Oct. 9, 
1944. The infant appeared to be perfectly 
normal at the time of birth. The placenta 
weighed 690 gm., and was normal in appear- 
ance. On October IS, we received a sample 
of the mother’s blood for Rh determination. 
This blood was brought to the laboratorj' 
merely because it was hospital routine to do 
Rh determinations on all obstetrical patients, 
not because of any clinical indication for the 
determination. At this time we found the 
mother to be Group A Rh negative and to 
have Rh agglutination antibody in her scrum 
(Table 1). A second san\ple of the patient's 
blood obtained 2 d.ays later, for checking, 
confirmed the findings on the original sample. 
Titration of the antibody in the second 
sample .‘showed an anti-Rh titer of 1 :4096. 
Incidentally, this is the highest titer we 
have observed in doing more than 2000 de- 
terminations for anti-Rh agglutinins. 

At the time the antibody was found in the 
mother’s scrum, the infant was 10 days old. 
Xo blood studies had been carried out on the 
baby, but there had been no indication for 
these. In checking back with the pediatri- 
cian in charge of the case, as well as the 
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obstetrician and interne, nothing abnormal 
was noted concerning the baby at birth nor 
during the first 10 da 3 's of its life. The onfy 
positive finding was a note that the bab 3 ' 
was slightly icteric on October 14, the 6th 
da 3 ' of life. This icterus had faded b 3 '- the 
next day, and was interpreted as ph 3 'siologic 
jaundice. The bab 3 ^ was discharged home 
on its 12th da 3 ' of life at which time exam- 
ination was entirel 3 '^ normal. The n eight of 
the infant at the time of discharge nas 
4112 gm., a gain above birth n eight of 
130 gm. The infant was seen at frequent 
intervals from that time until it nas over 
IS months of age, and seemed to be normal 
at all times. 

T 3 'ping of the infant’s blood revealed it to 
be Group A Eh positive, and of the father’s 
blood revealed him to be Group A Rh posi- 
tive.* The titer of Rh agglutinin in the 
mother’s serum has fallen since deliver 3 ', as 
shonn m Table 1. 

Admittedl 3 ' the infant might have had 
subclinical hemolytic disease of the nen born, 
if such an ent{t 3 ' exists. But, if one believes 
that disease is a definite morbid process hav- 
ing a characteristic train of signs and S3’mp- 
toms, then this infant was normal. It ex- 
hibited no edema, pallor, hepatomegaly, 
splenomegaly, bleeding tendencies, abnormal 
weight loss, nor feeding difficult 3 ', but rather 
appeared to be a perfectly hcalth 3 * bab 3 ' in 
everx' way. However, it must be admitted 
that no blood studies were done on the 
infant, and also that icterus was present, 
but not until the 6th dax' of life, and lasted 
onh’ about 24 hours. Ccrtainh* this would 
not be universalh' accepted as a sign of 
hemolytic disease of the newborn. The 
placenta was normal, and the ratio of its 
weight to that of the balm was normal, i. c., 

1 -.G. 

TIic reason for the extremeh' high agglu- 
tinin titer i-. not clear. The patient had had 
1 prcxfious prcgnancx', but this l^d been 
criminallv- inf crruptcd at 2 months and hence 
it is unlikely that the mother rcceixcd anx- 
great amount of .serisitiration to the Rh 
factor through that prcgi'ancx'. She has 


nex'er received blood intrax'enously nor 
intramuscular^. It is conceix-able that the 
titer was not as high during the pregnancy 
as we found it to be 10 days postpartum. 
Unger and Wiener® beliex-e that at the time 
of placental separation there is a sudden 
show’er of fetal red cells into the maternal 
circulation and that this is a potent factor 
in sensitizing the Rh negatix’-e mother against 
the Rh factor. If this h 3 ’pothcsis is true, 
xx-e hax^e then at least a partial explanation 
for the high titer obserx’ed in this case. 

It is of interest to note that this patient’s 
serum contained agglutinins of botii the 
X'ariet 3 " detectable in a saline s 3 'stem as w ell 
as the variet 3 ' demonstrable in a scnim or 
albumin s 3 ’stem.®-‘“ The latter x'aricty was 
not tested for until ox'er 1 year postpartum, 
but its presence at that time is ccrtainl)' 
indicatix'e of its presence at the time of 
delix'er 3 ’. It is beliex'ed® that agglutinins of 
the X'’ariet 3 ’’ demonstrable only in scrum or 
albumin systems exert a much more serious 
effect on the infant than those of the simple 
x'-ariet 3 x Yet this infant exhibited none of 
the characteristics of hemolytic disease of 
the newborn. 

C.xsE 2. Mrs. M.f is a 22 year old para II, 
giaxdda III, with expected date of confine- 
ment Jan. 25, 194C, Wassermann reaction 
ncgatix'c. Her first 2 pregnancies ended by 
the dclix’er 3 ' of full-term normal infants^ Tiic 
patient had nex'cr been transfused. We fir.st 
came in contact xvith the case on Dec. 4, 
1945. 'At that time xxe found the patient 
to belong to Group A and to bo Rh negative 
(Table 2). In addition, Rh nntibod 3 ' of the 
tx'pe demonstrable in senun or albumin sys- 
tems was found in her serum in titer of 1:10. 
None of the simple X’ariet 3 ' of antibodx' xxas 
demonstrable. 'The ri«e in the former tx’pc 
of antibodx' titer is recorded in Table - 
along with tlie subsoquent appearance of the 
simple x'arietx' of Rh antibody and other 
pertinent findings. 

On Jan. 2S, 1016, the p.aticnt delnercd a 
nonnal full-tenn infant weigliing .3G'>0 gm- 
The placenta was normal gros-iy and rnicro- 
scopic.allx'. 


* Tilt* iiWui -iriifU'’' on .-ii! .1 of tfi,- fim,b ne.-f* rrfrrrt'i m Dr. TjOUP R- 

nnti’Grfl f(>r f"’ f** ric f* n ft- follou* Mr T*. Group A Rhi Ijorrior'vp:oij“ 1. Gro ip 

A Hii: 1 1 tu'ozv i:i.. 1 “ Mr^ T- Group A Rh ntr itn( of Hh from Mr* T, 

Kf . 

WV ft”!' r 'i '1 to Dr D ftr fo’' n c out tD 

T Wo n-o rfj. to 1>-. Him! G Rntt Uooho-tf N*. V.. fo- il o o* t. J 

p*5tit .". dH to tf o Oor^-'o IJorJ N- V,, fo* rutVirr tUf o 
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occurrence, j'et hemolytic disease as a in certain cases when normal Rh positive 
result of this incompatibility is quite infre- infants are bom to Bh negative mothers 
quent. The most logical explanation for whose serum contains Rh antibodies, those 
this infrequency is that the vast majority infants are normal because the particular 
of indiwduals (=*=80%) are secretors of antibody in the maternal senim cannot 
the A or B factors and hence the antibody react with the antigen on the fetal red cells 
Avhich the fetus obtains from its mother because of the absence of the third ncccs- 
is to a large degree neutralized bj-- the bulk sary component, “conglutinin.” This 
of the body tissue, and only a relatively could possibly be the explanation in the 
small amount is left free to react on the second case presented since only the “ con- 
fetal red cells. glutinating" type of antibody was present 

If this same logic is applied to the cases in the maternal serum until the last week 
under discussion, we might say that these before delivery at which time a small 
babies were secretors of the Rh factor, and amount of the simple variety of antibody 
hence the Rh antibodies which reached was also found. 

them by way of the placenta were largely We believe that cases of the type dc- 
taken up by the bulk of fetal tissue, and scribed here and previously are of interest 
such a small amount remained to react only to workers in the field. Obstetricians 
with the red blood cells, that they were and pediatricians should continue in the 
not sufficiently damaged to result in hemo- belief that when Rh antibodies arc found 
lytic disease. Unfortunately, no attempt in the serum of a pregnant woman, that 
could be made to study the amniotic fluid woman will probably deliver an infant 
in either of the cases presented. with hemolytic disease. Believing this, he 

2. Wiener” in describing his “conglu- should do everything possible to lessen tlic 
tination” test states that it occurs in severity of the disease in the newborn, t.c., 
2 stages, and that a third component inductionof labor when indicated, followed 
besides the Rh antigen and the specific after birth by immediate and repeated 
antibody is necessary for the reaction of transfusions of Rh negative blood to the 
clumping to occur. He describes this third infant, or by very close observation, in- 
component as a colloidal substance in the eluding red blood cell counts and henm- 
plasma, possibly identical with the so- globin determinations twice daily for the 
called X-protein, and calls it “conglu- fust 5 or 6 days of life, then daily for the 
tinin.” He believes that in those infants next week. These babies, of course, should 
which do not present signs of liemolysis not receive the mother’s milk, 
for several hours or even days after birth. Summary. 1. Two cases arc presented 
the “conglutinin” does not form until in which apparently normal Rh positive 
after birth, and that when it finally docs infants were boni to Rh negative mothers 
form, the infant then shows evidence of whose sera contained Rh antibodies, 
hemolytic disc.ase. 2. Two possibilities to explain the-'C 

By similar reasoning one might say that unusual cases are discussed. 
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RESPONSE TO PENICILLIN BY A TYPHOID CARRIER 
Studies on Penicillin Sensitivity of Strains of Typhoid Bacilli 


By Ens. Nathan W. Riser, H(S) USNR 


Lt. Comdr. R. F. Farrington (MC) USNR 

AND 


Lt. Comdr. B. B. Breese (MC) USNR* 

V. B. N'AVAI, HOSPITAL, TREASCRE ISLAND, SAN FRANCISCO, CALIFORNIA 

(From Epidemioloi?y Unit 82) 


Penicillin now has become more read- 
ily available and recently it has been 
possible to treat 2 typhoid carriers with 
fairly large doses of the substance. It is 
believed that 1 of the patients, found to 
be a very definite gall bladder carrier, was 
apparently cured as the result of treatment 
while the other, whose focus of infection 
was not as definite, received only a tempo- 
rary effect. In an effort to explain this 
apparent cure with penicillin, a collection 
of various strains of Ehcrthrlla iyphosa, 
including that of the successfully treated 
carrier, was analyzed for in viiro suscep- 
tibility to penicillin. It was possible to 
demonstrate some differences between the 
organism of the patient and those from 
other sources. Also, it is thought that the 
ability of the liver to concentrate penicillin 
was responsible in part for the good result 
achieved in the patient. 

The history and treatment of the patient 
displaying a good response is as follows: 

Case Report. Case 1. A. C., a Negro 
male, age ,31, w.as discovered to be a typhoid 
carrier following a routine check by rectal 
.‘jwab of food handlcns on a Naw base. 
On investigation, it was found that he had 
been apjiarcntly involved in an outbreak of 
typhoid fever in his home district of Louisi- 
ana in 1027 wlien he and members of his 
family were ill at (he same time witli a 
disease known as “typlioid malari.a.*’ He 
had an uneventful recovery, and believed 
himself entirely well thereafter. He held 
various jobs as a laborer .and enlisted in the 
Naay as mess steward in January of 10-5-1. 


Wlien discovered to be harboring E. Iyphosa 
he was working as a food handler in an 
officer’s mess, this being his first work in 
handling food. No tj^phoid fever had been 
found in anj’’ Naval personnel of the base 
and the man had not been on le<ave. Rectal 
swab cultures on bismuth sulfite or S. S. 
agar taken at anytime showed almost pure 
cultures of tj'phoid bacilli, and bile cultures 
were also markedly positive, displaying pure 
growths of typhoid on each culture. Urine 
cultures were negative. 

A Graham test demonstrated reduced 
function of the gall bladder, with at least 
1 small calcified stone present but the patient 
reported no symptoms in the past suggestive 
of gall bladder disease. Because of the 
markedly positive bile cultures it was de- 
cided that l)is major focus of infection was 
in the gall bladder and operation was pro- 
posed. This was firmly refused bj' the 
patient. 

During the 4 month period prior to the 
institution of penicillin therap}', various 
recommended therapies had been attempted 
without success. A cour.'^c of sulfadiazine, 
consisting of 32 gm. in a 5 day period, was 
given the patient, but there was no app.arcnt 
effect, rectal cultures remaining positive 
during and after treatment. A o day course 
of gall bladder dj'C was then administered, 
but this also showed no effect on his positive 
cultures. 

When it was found by in nVro studies of the 
patient’s organism that complete inhibition 
occurred on blood agar plates with penicillin 
levels of S to 9 Oxford units per cc. of blood 
agar, penicillin therapy was administered 
according to the following dosage: 

While rccciring penicillin, fluids were 


r;siirLr;ity 

r.<=,vn: ri,M . CD. 
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limited to SOO cc. daih- and the patient was 
allowed to have the regular hospital diet. 

After 2,350,000 units of penicillin had been 
administered over a 7 day period the 
patient refused to go' on with treatment. 
He was returned to dutj' and obsen-ed but 
was not allowed to handle food. Since the 
termination of penicillin treatment the pa- 
tient has been asj-mptomatic and has 
remained free of tj'phoid organisms. He has 
now shown negative rectal cultures for a 
period of 5 months. Cultures of bile were 
negative for typhoid 2 and 5 weeks after 
the end of treatment. Rectal swab cultures 
always had been markedh’ positive for 
E. iyphosa during the 4 month period while 
he was under observation prior to receiving 
penicillin. 


Rectal swab examinations were consis- 
tently positive for tj-phoid. A bile examina- 
tion revealed only 4 to 5 colonies of typhoid 
per cc. of bile and there was some doubt a.? 
to whether or not he was a gall bladder 
carrier. Penicilhn sensitinty tests were car- 
ried out with this strain as recorded in 
Tables 3 and 4, and he was later placed on 
the following regime of penicillin therapy as 
a trial. 

Unfortunately, orders to limit the patient’s 
fluids to SOO cc. daily were not carried out 
and the patient drank a normal intake each 
day. 

After receimng 3,450,000 units of penic- 
illin over a 9 daj' period this patient showed 
negative cultures temporarily (f. e., for a 
period of I week) but cultures later became 


T.IBLE 1.— ISTIIBITIOX or Gkowth by Pe.vjcii.lik (C.vse 1) 




Total daily do^c 



— 

Day 

Date 

(Oxford units*) 

Rectal svrab 

Bile 

Urine 


12/ 7,44- 

• ♦ . 

S Pos. 

2 Pos. 

1 XcE 


4/11,45 
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4,11 45 

200,000 




2 

4a2,45 

400.000 




3 

4/13 '45 

400.000 Ltes tli.an 5 col- 






onic- per plate 
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400.000 

“ 
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4'15'15 

400.000 
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400.000 
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130,000 





Total; 

2,.350.000 
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4 '23 45 


** 



17 

4,27,45 





21 

5/ 4, 15 



Xop. 

XcK. 

,3.3 

3 13 45 


Nec, 
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3,29 45 


** 
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0/ 4 13 




XeE. 
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7 20 13 


*• 
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S 23 43 






♦ SO.OOO unit- intnimu'-cul.'irly cm’O' ^ lioiir-. 


C.\sr. 2. Thi' ca>o reported Izamnc had 
t}-()hoid fever .3 year.- aco. Thi- man, If. B.. 
a 25 year old Cerman pri-oner of war wr.< 
fir.'t di-ciivered to he a typhoid carrier dur- 
inc an outbreak of fj-plioid fever in a pn-oner 
of war c.amp. After an inve.'tic.ation h.ad 
bc-en made, it v.a'^ concludc'd tliat he wa= 
rc'pin-;b!e for 3 ea-e- of typhoid fever in 
hi- fellow pri-on^r-, with 1 of the ca-f- 
rmiiiii; fatally. Tie- r'riainal infertion of the 
carrier wa- tv.ntraetfci wliile he wn- fiditinc 
on tho (h'rm;.!'. Front in Ru-'-a. .'•;neo then 
Im had lt*'li“Vi-I hini'flf well at d, l^fore 
the jirx"-* at outbri-ak. haft not<-i no ra.-e- 
of typlinaj in i,:- 


podtive and h.avc remained so. Fince it w a- 
ncce,— ary to transfer the patient to nnother 
ho-pital, he was no longer avai!.able for a re- 
trial with penicillin. Further atteinpt- at 
therapy u^ing a longer period of admirii-fra- 
tinn of larger do-e.- of iK'nicillin were felt fo 
f>e prob.ably ju'-tihed. bccau'^e of tlie ternji'r 
rary negative culture- found. 

Tile {Ki'-ihility wa- eon-iden-d tliat 
.<=tr.iin variation in .‘'ii-cejitibility of /,. 
iypf'i'ii might e\i-t and that, if .-uch v,vtv 
found, a {xj-'ihle expfan.ation would m* 
availahft- for the ajip.iretit aire of ! of tl.'* 
<‘;irrier'. lit -tudi<-^ were made on a 
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sent in vivo methods; much, therefore, 
remains conjecture. A different method 
of demonstrating strain variation consist- 
ed of inoculating a loopful of a 24 hour 
broth culture of a particular strain upon 
the surface of a blood agar* plate contain- 
ing various amounts of penicillin. 


far above that obtained therapeutically 
might be needed for microscopic inhibi- 
tion of broth cultures of typhoid, smaller 
concentrations of penicillin would still 
cause microscopic changes in the appear- 
ance of the organisms, even though the 
organism survived. Exposure of broth 


Table 4.— Growth* of Strains of Tvphoid Bacilli on Bloop Agar Plates Containing Varying 


O.rford units per 
cc. of blood agar 

A. C.t 

Amounts of Penicillin 

H. B.t A. G. T. B. 

D. 

E. 

F. 

4 1, . 

0 

1 

3 


4 

1 


5 0. . 

2 

3 

4 

1 

4 

1 

3 

6.3 . , 

1 

4 

1 

0 

4 

0 


OS. . 

1 

2 

I 

2 

4 

0 

2 

7.0 . . 

. 1 

1 

1 

1 

1 

0 

1 

8.4 . . 

. 1 

0 

1 

1 

1 

0 


9.0 . , 

0 

0 

0 

0 

0 

0 


9.8 . . 

0 

0 

0 

0 

0 

0 



* Degree of growth graded from I to 4. 
t Organism from carrier successfully treated, 
t Organism from carrier showing only temporary response. 


In this series it is of interest to note 
that much smaller amounts of penicillin, 
Avhen in a blood plate, cause total inhibi- 
tion of growth. However, the same rela- 
tive difference in strain susceptibility was 
again noted. The “ D ” strain proved the 
most resistant and the “E” strain the 
most sensitive. The “A. C. ” strain, from 
the carrier successfully treated ivith penic- 
illin in both series, demonstrated a sensi- 
tmty in the middle ranges, but when on 
a blood plate it appeared somewhat more 
sensitive than the organism of the carrier 
H. B., the latter displajdng only a tempo- 
rary response to treatment. 

Comment. It has been stated^-®-® that 
penicillin is ineffective in the treatment of 
tjTihoid fever and other infections with 
gram negative bacilli, but in the asympto- 
matic and persistent carriers of typhoid 
organisms, and especially in those indi- 
viduals who possess a focus of typhoid 
infection in the gall bladder, factors may 
be present which allow a response to the 
effect of penicillin. 

Abraham and Florey^ in early work with 
penicillin reported an interesting effect on 
tjTihoid and other organisms. They found 
that, though a concentration of penicillin 


cultures to dilutions of penicillin contain- 
ing a concentration one-sixth that of the 
total inhibiting dose would bring about 
definite microscopic changes in structure 
and it was intimated that possible thera- 
peutic effects might be obtained by these 
same high dilutions of penicillin. Hobby^ 
was able to demonstrate a relative sensi- 
tivity of typhoid organisms to penicillin 
and Thomas® observed unusual structural 
forms of gram negative bacilli after expos- 
ure to dilutions of penicillin greater than 
those needed for complete bacteriostasis. 
Steiner’ also described considerable varia- 
tion in sensiti\dty to penicillin of various 
gram negative bacilli. 

The findings by Abraham and Florey,’ 
that higher concentrations of penicillin 
occurred in cat’s bile than in the blood 
serum of the animal, suggested tliat a 
beneficial effect might be obtained in 
treating gall bladder typhoid carriers with 
penicillin. Rammelkamp® was able to 
show that penicillin was present in human 
bile in higher concentrations than in blood 
serum and concluded that penicillin is 
perhaps concentrated by the liver. Such 
a concentrating power might possibly 
allow effective penicillin levels to be 


* Nutrient agar plus 10% by volume of defibrinated sheep’s blood made up as a pour plate. Penic- 
illin added prior to pouring plate. 
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BACTERIOLOGIC, CLINICAL AND PATHOLOGIC EXPERIENCE WITH 
86 SPORADIC CASES OF SALMONELLA INFECTION* 

Bv Alfred Angrist, M.D, 

AND 

Mollie Mollov, B.S. 

JAMAICA, LONG ISLAND, NEW YORK 

(From tho Department of Pathology, Queens General Hospital) 


At the Queens General Hospital, 86 
cases of Salmonella infection have been 
found since 1941, from which 21 different 
species of Salmonella have been isolated. 
The distribution, the type of sjmdrome, 
the severity and the sources of the various 
species are indicated in Table 1. The 
species with the highest incidence, S. typhi 
murium, S. cholerx suis, and S. oranienberg, 
accounting for 11 , 20 and 16 cases respec- 
tively, showed interesting differences as to 
source, severity of symptoms, the absence 
of symptoms, or the development of the 
carrier state. There were 13 deaths, with 
9 autopsies. Of the 86 cases, 19 had gas- 
tro-intestinal symptoms, 9 had general 
symptoms only, and 27 had both gastro- 
intestinal and general toxic manifestations. 
In addition to the 13 patients who died, 
22 patients were severely ill and almost an 
equal number, (21) had only mild symp- 
The microorganisms were recovered from 
toms, the stool in 70 instances, from the 
blood in 11, and from the urine in 3, the 
others representing double infections. 

Method and Material, The method for 
isolating enteric pathogens has been in use 
in this laboratorj’- since 1941, and has been 
described b}"" Mollov et al.^ Inoculations 
were made simultaneous^ on one plate of 
S.S. agar, on plated hlacConk}' media and 
in one tube of tetrathionate broth. Growth 
from this last was subcultured on MacConkj' 
agar onlj". From each plate, 2 to 4 of each 
type of non-lactose fermenting colonies were 
subcultured to Ki-umwiede triple sugar 
slants. One positive or suspicious slant 
from each case was studied for detailed fer- 
mentation reactions. All Shigella species 
were identified serologicall}" and checked b 3 ’' 


the New York City Department of Health. 
After biochemical fermentation determina- 
tions, the Salmonella were identified sero- 
logicalty b 3 ’ the Beth Israel Hospital Sal- 
monella Typing Center. 

A total of 3206 stools were examined; 
752 from hospitalized patients with intes- 
tinal disorders, and 2454 specimens from 
dietar 3 ' workers, nurses and interns, all 
apparentl 3 ' in good health. 

During this 4 3 'ear period, typhoid bacilli 
were isolated 19 times; 16 frorn patients ill 
with the disease and 3 from carriers (2 con- 
valescent—! for 30 years; and 1 a healthy 
carrier). 

In most of the indimduals from whom a 
species of Salmonella was isolated, more 
than 1 positive stool was obtained, ^ the 
average being 3 positives. Of the 86 indi- 
xiduals harboring Salmonella microorgan- 
isms, 55 were hospital patients (27 females 
and 29 males), and 30 were from the sur- 
ve 3 'ed dietar 3 '^ workers, nurses and interns. 
Of these, onty 2 were males while 28 were 
females, because of the predominance of 
female nurses in this latter group. 

Stools were studied routinety while blood 
and urine cultures were made onty when 
particular indications existed. 

Cultural and Clinical Findings. A wdde 
range of Salmonella species was implicated. 
In general, the gastro-intestinal s 3 mdrome 
was most frequent, and the microorgan- 
isms wmre found most often in the ieces. 
The variations in the s 3 'ndromes and in 
their severity were remarkable when the 
infections w'ere due to different species, 
but w’ere also quite marked when different 
cases of infection with the same species 
W'ere compared. The clinical variations 
W'ere also found in instances rvhen several 


* Presented before the New York State Association of Public Health Laboratories in Albany, New 
York, on No%'. 2, 1945. 
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simultaneous infections in several mem- 
bers of a family with the same organism 
occurred. Only 3 species, S. iyphi vmrumi, 
S. cliolerm suis and S. oranicnhcrg, offer 
sufficient instances for any generalizations 
whatsoever. 


terium was recovered from 1 stool only. 
In interpreting the cultural findings, it 
must be realized tliat routine blood and 
urine cultures were not taken in most 
cases. 

In general, there is a tendency for cer- 


Table 1.— Classified Clinical and Pathologic Data in Spohadic Salmonella Infections 


Syndrome 


Severity 


Source of culture 



Total 

cases 

G.I. 

Gencrol 

Both 

S. typhi {E. iyphosa) 

19 

1 

9 

6 

S. cholera suis with x'ar. 
Kunzendorf 2 . . . 

11 

0 

6 

5 

S. typhi murium . 

20 

3 

3 

9 

S. oranicnhcrg 

IG 

3 

0 

2 

S. derby 

5 

0 

0 

0 

S. newporl 

5 

1 

0 

2 

5. urbana . 

2 

2 

0 

0 

8. scholtmuUcri (Para B) . 

2 

0 

0 

2 

S. give .... 

2 

1 

0 

1 

S. monlcvidco .... 

3 

0 

0 

1 

8. barciUy 

1 

1 

0 

0 

8. london 

1 

1 

0 

0 

8. thompson 

1 

0 

0 

1 

8. Oregon . 

1 

0 

0 

1 

5- panama 

•1 

1 

0 

2 

8. ana turn . 

1 

0 

0 

0 

8. lichtfdd 

1 

0 

0 

1 

8. morbiftcans hovU 

G 

4 

0 

0 

8. mucnchcn .... 

1 

1 

0 

0 

S. rnanhattari 

1 

0 

0 

0 

8. nrwington 

1 

0 

0 

0 

8. rninnesota . 

1 

1 

0 

0 


— 

— 

— 


Totals* 

SO 

19 

9 

27 


* Exclusive of S. tvphi. 


3. ormiirnlicrg presented tlic mildest 
syndromc.s, with 11 carriers giving no 
symptoms at all, and 3 presenting a mild 
picture with gastro-intestinal symptoms 
only. Two cases of S. orauirnberg infection 
did pre.'^ent some to.xic genera! manifesta- 
tions, hut there were no deaths. Most of 
the severest illne.<ses were found in eases 
of 3. cfiohr.r suis. All 11 of these cases 
showed toxic general manifestations, 5 
with gastro-intestinal symjitoms. Tiiere 
were -1 tleaths. and the remaining eases 
were severe in this group. There wore 
S cases of positive blood culture with the 
latter mierodrgani-im. while only 1 jw^^i- 
tive cultutx' was obtained from the blood 
with the 3. omnirnhrrg infections. Tliis 
miennirgani'm wac i-^olated in 12 instances 
fnun the stool, in emitnist to the ea>e,'. of 
3. cAo/cr.r .v:/!.' inft'ction, wh.erc the bac- 


Carrier Mild 

Severe 

Death 

Blood 

Feces 

Urine 

3 

2 

13 

1 

11 

19 

1 

0 

0 

7 

4 

8 

1 

2 

5 

5 

5 

5 

2 

19 

1 

8 

3 

2 

0 

1 

12 

0 

5 

0 

0 

0 

0 

5 

0 

1 

3 

0 

1 

0 

4 

0 

0 

1 

0 

1 

0 

2 

0 

0 

0 

2 

0 

0 

2 

0 

0 

0 

2 

0 

0 

2 

0 

2 

0 

0 

1 

0 

3 

0 

0 

1 

0 

0 

0 

1 

0 

0 

1 

0 

0 

0 

1 

0 

0 

0 

1 

0 

0 

1 

0 

0 

0 

1 

0 

0 

1 

0 

1 

1 

2 

0 

0 

4 

0 

1 

0 

0 

0 

0 

1 

0 

0 

0 

0 

1 

0 

1 

0 

2 

4 

0 

0 

0 

0 

0 

0 

1 

0 

0 

0 

1 

0 

1 

0 

0 

0 

0 

1 

0 

1 

0 

0 

0 

0 

1 

0 

0 

1 

0 

0 

0 

1 

0 

27 

21 

22 

13 

11 

70 

3 

tain 

species 

to produce 

a more or 

less 

characteristic 

ami typical 

syndrome. 

Al- 


lowing for some exceptions and variations, 


S. choir r.r suis seems to cause the picture 
of sepsis with greatest uniformity, with 
and without “seeding foci” (Bornstein^). 
3. oranicnh(rg shows a definite tendency 
to produce a milder clinical picture, or 
absence of all symjitomatology in the form 
of the “carrier state.” The ga,stro-intc.'- 
tiiial picture with diarrhea or vomiting is 
the usual form that symptomatic infection 
with this organism assumes (Seligman, 
Saphra and Wassermann d* Sachs and 
.Vmined* .lager and I>amld}. 

3. (iiphi viuriuvi occupies a position in 
between 3. rhoiiur suis and 3. ornni' niifrg 
in all of it-i munift'Sta'ions and in its 
severity. In the 20 instant'c- r.f 3. Ujphi 
viurluut infection, the ob'crvwi features of 
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the illness suggested an intermediary posi- 
tion from the standpoint of severit^^ the 
tendency to intestinal symptoms, and the 
tendency to invade the blood stream or 
to remain within the intestinal content. 
Thus, 5 of the 20 cases were asymptomatic 
carriers, only 3 presented general septic 
symptoms alone, while 9 showed gastro- 
intestinal manifestations with accompany- 
ing general toxic symptoms. The micro- 
organism was recovered from the feces in 
19 cases, from the blood in 2 cases, and 
once from the urine. 

Pathology. Nine of the 13 patients who 
died came to autopsy, representing the 
largest group as yet reported. The post- 
mortem data will be found in Table 2. 
One death, not coming to autops.y, was a 
Medical Examiner’s problem in a 2^ year 
old child, admitted for extensive burns 
invohdng 63% of the body, who devel- 
oped diarrhea after 3 weeks in the hospital. 


while apparently doing well. Blood cul- 
ture yielded S. typhi murium. The patient 
developed a high temperature with con- 
vulsions, and died within a few days. This 
case may represent the activation of a 
latent carrier state or an infection acquired 
while on the ward, though a careful sur- 
vey for potential carrier sources among 
the hospital personnel was unavailing. Of 
the 3 remaining patients who died and 
were not examined at autopsy, 1 had 
clinical pyelonephritis with S. cholerx suis 
in the urine; a second was an infant with 
congenital heart disease who developed 
an upper respiratory infection and diar- 
rhea with S. urhana in the stool; and the 
last wms a case of Wernicke’s sjmdrome 
with advanced cirrhosis of the liver, in 
whom the infection maj’’ well have been a 
terminal blood stream invasion. The data 
from these unautopsied cases are given in 
Table 4. 


Table 2.— Autopsy Findings in Deaths With Positwe Salmonella Cultures at 

Queens General Hospital 


Case No, Age Culture 

1 — A-42-242 21 S.iy phi murium 

2 — A-41-489 33 S. typhi murium 

3 — A-45-218 18 S. typhi murium 

mos. 

4 — A--44-49 68 S. cholera suis 
o — A~43-477 9 S. cholera suis 


Source 

Stool, ulcers, 
peritoneum 
Stool, blood, 
spleen, thigh, 
throat 
Blood, lung, 
stool 

Kidney pus 
and blood 
Blood 


Syndrome 

G.I., scute appendicitis, 
operated 

G.L, diarrhea, chill with 
shock 

Diarrhea, then conxmlsions, 
coma, high temperature 

Cardiac and cerebral with 
coma (uremia?) 

Cerebral rneningeal and 
then encephalic 


6 — A-43-27 26 5. cholera suis Stool 

7— A-44-135 46 S. lichtfeld Stool, bile. 

stomach 

8 — A-44-226 60 S. newport Pericardium 


G.I. diarrhea with bleeding 
G.I., typhoid-like 

Chest pain — coma, diabetic 


9 — A--41--455 1§ S.monievideo Stool 

mos. 


G.I. — diarrhea 


Pathologj’ and diagnosis 
'j’phoid-like ileocolitis ^th 
hyperplastic Peyers patches 
epsis, with cellulitis of thigh; 


Hyperplastic Pej'ers patches 
mesenteric nodes, bacteremia 
Suppurative pyelonephritis 


Chr. cholangitis with biliarj* 
cirrhosis; h>'perplastic Peyers 
patches 

Chr. active ulcerative colitis 
Marked gastritis and broncho- 
pneumonia , - . 

Suppurative pericarditis, chol- 
angitis . - , ^ 

G.L tract .negative; bronch^ 
pneumonia and prematurity 



Table 3. — 

Autopsy' Findings in S. Ty-phi Muriuji Cases 
Salmonella Tywing Station 

ON File at Beth Israel 

Case No. Age Sex 

Source 

S 3 -ndrome 

Pathologj' 

1 

74 M 

Spleen, bone 

G.I., diarrhea, splenic tumor, 
severe anemia 

Infected dissecting aneurj’gm. .of 
aorta with regional os.teomyriiti.s, 
chronic cholangitis with cirrhos.is 

2 

. . . . 

Stool 

G.I., diarrhea 

Acute arteritis, bronchopneumonia 

3 

66 M 

Stool, from all path, 
sites 

G.I. — severe diarrhea, vomiting, 
collapse 

Pus filling gall bladder a.nd in right 
ureter, petechi© in ileum ano 
sigmoid . 

Pus in urine, kidneys emarged 

4 

49 F 

Urine, spleen and 
intestinal wall 

G.I..— outbreak of food poisoning 
with .vomiting and diarrhea, 
uremia 

5 

5 F 
wks. 

Stool, blood 

G.I. — diarrhea, vomiting 

Thrombophlebitis with sepsis after 
intravenous 

6 

62 JI 

Blood and mitral 
valve 

Fever onlj*, no G.I. 

Bndocarditis 

7 

6 M 
mos. 

Blood (Pn.no, then 
Typhi murium 

G.I. — otitis with meningitis, then 
diarrhea 

Possiblj' pneumonia ? 

S 

6 F 
wks. 

Stool and blood 

G.I. — diarrhea, pneumonia 

No data 

9 

50 F 

Blood and spleen 

G.I. — vomiting and diarrhea 

No data 
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In general, the lesions found in the 
patients who came to autopsy presented a 
localization in the gastro-intestinal tract in 
5 cases, with 2 instances of chronic chol- 
angitis in addition (Cases 5 and S) ; locali- 
zation in the kidney in 1 case (Case 4); 
and involvement of the respiratory tract 
in 2 cases (Cases 3 and 6). It will be 
noted that 3 S. lyphi murivvi cases came 
to autopsy, with a septic picture in 2 of 
them and a typhoid-like picture in 1 
(Case 1, Figs. 1, 2, 3 and 4). In none of 
these 3 cases did there exist independent, 
obviously preexisting pathologic lesions of 
sufficient magnitude to be significant in 
the mechanism of death. The Salmonella 
infections in the non-autopsied cases may 
well represent the insignificant incidental 
states, though the acute final episode sug- 
gests that the Salmonella infection was a 
lethal terminal event. Salmonella infec- 
tion was the direct primary cause of death 
in all the cases coming to autopsy. This 
fact is significant of itself. In general, 
one is impressed by the mimicry of the 
different clinical forms and pathologic 
states of typhoid, and by the not infre- 
quent severity of the infeetion. 


again prominent. A further analytical 
discussion of this group would be repeti- 
tious. Only 2 of the cases showed general 
symptoms of sepsis only. The remaining 
15 cases showed some gastro-intestinal 
symptoms along with severe general toxic 
manifestations. Others showed gastro- 
intestinal symptoms only, but this would 
hardly be expected often, since the group 
is a select one of cases severe unto 
death. 

The first autopsy of this series (Table 2) 
was performed by Dr. N. Mitchell in 
1941 on a patient Avho was operated upon 
for acute appendicitis and died of perit- 
onitis. At autopsy, this patient showed 
the typical morphologic picture of tj'phoid 
fever (Figs. 1, 2, 3 and 4). The micro- 
organism cultured from several sites was 
S. lyphi mvrimn. A few months later, 
another patient was admitted with a 
clinical picture of typhoid fever, and 
from his blood stream S. iyphi vntriim 
was also isolated. At autopsy, this second 
case failed to show the characteristic 
hyperplastic lesions in Peyer’s patches, 
though the mesenteric lymph nodes were 
hyperplastic (Case 2, Fig. 5). In a third 


Tabi-f. 4.-~Cunical Diagnoses in Sai.moneela Deaths Without .\utopsy at Queens 

Generau Hospital 


Cnsp No. .4go Culture Source 

1 — (L. W.) 48 S.typhi murium Blood 

2 — (M. P.) 2 S.tuphi murium Stool 


3 — (K. G.) C9 S. ^^o^fra tur> Urine 


4 — (K. A.) 4 S. ur6ana Stool 

mos. 


Syndrome Di-ifmocic 

Coma, poriplieral neuritis Cirrhosis of liver with Werniclve’.s sj-n- 

drome 

Diarrhea; convulsions Extensive first and second degree hums 

with diarrhea 3 wlcs. after admission 
Uremic and cardiac Hypertensive heart di'eas'-; pyelo- 

nephritis (?) 

Bronchitis with diarrhea Congenital oardiac with cyanosis 


We studied the clinic.al course of 17 
S. (yphi inurittm deaths encountered by 
the National Salmonella Center at Beth 
Israel Hospital. The records of this 
group of cases were generously made 
available by Dr. Seligmami. The avail- 
able findings in the 9 c.nscs studied at 
autop.sy are given in Table 3. For the 
entire 17 c.ases, a total of M positive cul- 
tures were obtained from the blood, 5 from 
the fece.s. 3 from the spleen. 2 from the 
urine. 2 from the intct^tinal wail, and 
1 each from the liver, gall bladder and 
mitnd valve. The septic picture was 


case, that of an IS month old child who 
was thought to have encephalitis because 
of coma and convulsions, hyperplastic 
Pcycr’s patches and mesenteric nodes, 
without ulceration of the gastro-intestinal 
tract, were found. Thc^otlier instance in 
which liypcrplastic Peycr's patches were 
found at autojisy represented an infection 
with S. chofrra .cmV. The patient w.as a 
9 year old clu'ld witli chronic cholangitis 
with biliary cirrhosis. In 1 c.asc in winch 
a clinical diagnosis of typhoid fever w.as 
made, there was only tnarked g.astritis 
(Case 7, Fig. G), with no changes in 
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Fig. 1. — Case I. The cecum and small intestine showing hemorrhagic hyperplastic Payer's patches 
and lymphoid tissue and superficial ulcers of ileum and cecum. (Approx. X J.) 




|1 -M 

Fig. 2 . — Case 1. Minute ulceration of large bowel showing fibrin and predominant mononuclear 

exudate. (Low power; approx. X 40.) 
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Peyer’s patches; S. Uchifcld was isolated, blood culture was taken clinically in this 
The remaining autopsies showed no mor- group, the significant microorganisms were 
phologic alteration in the gastro-intestinal found. One case showed ulcerative col- 
tract (Table 2). itis. In general, these, as well as other 

Autopsy diselosed only 2 cases with morphologic lesions whieh were found, all 

hyperplasia of Peyer’s patches (Cases 1 speak for bacteremia. The septic clinical 

and 3), identical to that seen in typhoid picture associated with the typhoid-like 

fever. Study of the autopsied cases, how- syndrome encountered in Cases 1, 2, S 

ever, emphasizes the frequency, of blood and with the respiratory tract involve- 

stream invasion and sepsis in the fatal ment in Cases S, 10, 11 and 12, all favor 

cases. In the few cases where a routine an c.visting bacteremia, despite the ab- 



Fig 3. — Case 1. RcRion of Foyer's patch showinp prominent mononuclear exudate and fibrin. 

(Medium power; approx. X -10.) 
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sence of proof by positi^"e blood cultures 
in many instances. Such bacteremias are 
kno^^^l to occur quite regularly in cases of 
typhoid and pneumonia. 

Most of the severe and nearly all of 
the fatal cases presented a septic picture 
with bacteremia as shoAra by blood cul- 
ture. The fatal cases in which blood 
stream invasion was not demonstrable 
represented sudden deaths Avith inadequate 
study, young children or neAA'born nurseri"^ 


victims. The tendency to belittle Sal- 
monella infections is not justified by the 
clinical course often seen in the ATry 
young. In Case 8, there was a localiza- 
tion of such a blood stream infection in 
the pericardium (Fig. 7), and a cholangitis, 
with 8. ncicport recoA'ered from this site. 
This, of course, implies a passi\"e blood 
stream inA'-asion, AAith the biliary tract as 
a seeding focus in this instance. 

The known blood stream inA^asion in 



Fig. 5. — Case 2. Ileocecal region shoving hyperplastic hemorrhagic mesenteric nodes and congested 

mucosa. (Approx. X i.) 



Fig. 6.— Case 7. Stomach showing marked acute diffuse gastritis. (Appro-X. X i-) 
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experimental Salmonella infection studies, 
and its independence of the portal of 
entry, parallels .these observations. In 
the experimental animals, bronchitis and 
bronchopneumonia and cholangitis are 
very common.' The pathogenesis of the 
enteric lesions as indicated by the experi- 
mental work of Orskov and co-work- 
erg^s.o.io Seiffert and co-workers,*® Takita,*® 
Waldman,'®’"® and Muller® renders the vari- 
able localization and mutable clinical 
picture explicable. Much of the experi- 
mental work was carried out with S. iyphi 
mvrhnn in mice. It was established that 
the microorganism very rapidly invaded 


animals, to be presented in detail else- 
where, nearly all lesions seen in the human 
autopsy series were encountered. The 
tjT^hoid lesions in the gut could be pro- 
duced with regularity by controlling dos- 
age and method of administration. The 
cholangitis, and the lymph node and 
spleen involvement were common. The 
Iddney localization did not seem to occur, 
though others have noted this finding. 

The only instance in the literature in 
which the typhoid-like morphology of the 
Salmonella lesions in a Imman case was 
adequately described was reported by 
Neesen and IMerkel,' who found 1 such 



the blond stream, to be excreted in the 
bile. The lesions in the gastro-intestinal 
tract, with the localization in lymphoid 
nodules and I'cycr's patches, really repre- 
sent secondary lesions, rather than a 
j)rimnry j>ortal of entry as first considered. 
It is this j>eriod of early or immediate gen- 
eralization. with its immunologic signifi- 
canct'. that gives the opportunities for the 
variations enauinlen'd. 

In a reiK>rt on experimental .'Studies in 


case in a group of 4 deaths due to para- 
tyjdioid Breslau (old terminology for 3. 
fyplii mu nil 111). 

It was felt that this tendency to localizti- 
tion in the Peyer's patches in the intes- 
tine might be accountxiblc on the Imsis of 
stniin variation. To test this hyimthesis, 
severtd strains of 3. iuphi muriuvi were 
It'd to laboratory animals: .nt first gtiinexi 
pigs, rats and mice, and then guinc.a pigs 
and mice only. In all. G strains of 3. Ujphi 
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muniim were used for this purpose (Grier, 
Thomas, 1182 B.I., Kaufman, B.I. 43930 
N.Y.S. lab., Williams). The initial group 
of guinea pigs fed the strain of micro- 
organisms recovered from this initial case 
(Grier) showed remarkable localization of 
involvement in the region of Beyer's patch- 
es and mesenteric lymph nodes, in con- 
trast to some of the other strains used for 
comparison (43930, Williams). The find- 
ings in the remaining viscera are not being 
considered here but showed the corre- 
sponding idsceral typhoid-like lesions. 
These original observations have not been 
corroborated and have been corrected by 
subsequent experiments in guinea pigs, 
which showed that several other Salmon- 
ella strains {S. iyphi mitrimn, Kaufman 
B.I., enteritidis and Thomas) can produce 
such lesions. The detailed analysis of our 
failure to correlate serologic antigenic 
structure with the form of reaction wall 
be given separately. It may be stated 
that the method of administration is most 
important, and that placing favorable 
doses of organisms in the food favors 
localization of the lesions in Beyer’s 
patches. 

Biology. Se\’eral members in the Sal- 
monella group show a remarkable selective 
specificity for particular hosts while others, 
though thej' have preferential hosts, may 
also infect other species, but usually pro- 
ducing a milder infection. A microorgan- 
ism like 8. iyphi iinirium has a wide host 
range with a nude variation in reaction 
and symptomatology extending from the 
carrier state to fulminating infection with 
death. This bacterium has become most 
widespread in nature with the widest range 
of pathogenic adaptability to multiple 
hosts. The phenomena of variation and 
adaptation for bacteria are best studied 
in this group (Savage^O- The general 
intermediary position of S. iyphi vmrium 
infections between the septic picture of 
S. cholera suis and the enteric picture of 
S. oraniciihcrg was ob\'ious in our own 
clinical material by the numerical inci- 
dence of the characteristic clinical features, 
and from the standpoint of general clinical 


impression, as well as by the morbid 
changes and the laboratory data. Our 
experimental studies confirm the ready 
adaptation of this organism for the study 
of the multifarious forms of reaction of the 
enteric group. 

The members of Salmonella group show 
interesting serologic relationships to known 
pathogens such as E. iyphosa as well as 
to variants of the originally non-patho- 
genic B. coli group (Saphra and Silber- 
berg’'*). A complete analysis of ourois-n 
unar^ailing attempts to conciliate morpho- 
logic changes produced by the Salmonella 
on the basis of serologic anal^-sis will be 
recorded elsewhere. This is in keeping 
with the experience of others: Boivin,'" 
Bike and MacKenzie,*' and Bike and 
Swinne3^,'- and with the ejq^ressed opinion 
of Seligmann and Saphra. 

The biochemical features showing grada- 
tion and transition betw’een the Salmon- 
ella group are better known. We have 
encountered several gasless S. iyphi mur- 
iwn strains. The original identification 
in each instance was typhoid by us and 
by the New York City Department of 
Health, but complete antigenic study by 
Dr. Seligmann and Dr. Saphra estab- 
lished the correct identification as a vari- 
ant of S. iyphi m%trhim which failed to 
produce gas under the normal controlled 
conditions. 

We wdsh to record 2 cases with severe 
gastro-intestinal symptoms, clinically sus- 
pected of being caused by Salmonella in- 
fection, in ■which atypical forms of colon 
bacilli were recovered. In the first in- 
stance, a pathogenic role is suggestive; m 
the second case, the ulcerative lesions are 
often found above an obstruction. Tins 
probably represents a common finding and 
the atypical coli form of bacillus may be 
a mere concidence. 

Clinical Notes. Case A-^5-34: The pa- 
tient was admitted with an acute abdominal 
episode and considered to be mesenteric 
thrombosis or preexisting duodenal ulcer. 
Severe epigastric pain was the outstanding 
finding. At autopsy, severe gastritis and 
enteritis were found. Only an atj-pical con 



ANGRIST, MOLLOV: SAIAIOKELLA INFECTION' 


345 


organism was recovered, present in great 
numbers. 

Case A-40-58: A 65 year old female ad- 
mitted with intestinal obstniction died with 
an episode of acute d 3 ’-spnea and abdominal 
pain. The autop.sy .showed extensive deep 
ulcerative lesions of the colon above an 
obstructing carcinoma. Bacteriologic stud 3 '^ 
revealed an atypical coli organism and a 
streptococcus non-hemolyticus. 

We do not mean to impl 3 " that an 
at 3 ’^pical colon bacillus is invariabl 3 ’^ a 
pathogenic microorgan isin. Others have 
suggested that this bacterium can produce 
S 3 "mptoms and lesions. The e.xistence of 
transitional biochemical and serologic phe- 
nomena between atypical colon bacilli and 
the Salmonella group might lead us to 
expect pathogenic strains of at 3 'pical B. 
coli to occur on theoretical grounds. 

Wc attempted studies of the pathogen- 
icit 3 ’^ of the at 3 ’pical Coli organisms re- 
covered from these 2 cases in guinea pigs 
and mice hy feeding e.xperiments, but 
obtained no evidence of infection in the 
form of nn 3 ' lesions or deaths. We do sus- 
pect that transition forms of B. coli will 
be found which will be pathogenic for 
some humans and animals on ingestion. 

Epidnttiologn. Though all of the mater- 
ial represents sporadic cases, several inter- 
esting epidemiologic observations were en- 
countered in this surve 3 '. Several double 
infections were encountered. Two nurses 
with B. orauinilicrg .showed, in addition, 
a su])crimposed S. vunihaUan and S. iiiphi 
murium respect ivel 3 '. One bab\' showed 
a double infection with S. morhificans horis 
and i8. 7 «»e»r/;r». , 

Some of the tv-pes encountered, as .8. 
morhificaus horis, S. pnuama and lirhijeld, 
are distinetbv rare. Our attempts at epi- 
demiologic anal 3 -sis were disappointing. 
.\t one time we had 0 premature infants 
showing *8. morhificaus horis in their stools. 
Thm' of these infants showed no .s\-mp- 
toms wh.'itsoever. The other .S showed 
mild diarrhea. Xone was severeb- ill. 
Xo source for this epidemic txmld be 
established in the liospit.il siaif on the 
matornitx- wan! or in the dietarv- division. 


One patient was admitted with vomit- 
ing, higli fever and diarrhea, and S. iyphi 
murium was obtained in the stool. The 
patient was discharged as cured after 
4 weeks of illness. The sister of this child 
was admitted 4 da 3 -s after the onset of her 
sister’s s 3 TOptoms for an incidental surgi- 
cal repair of an umbilical hernia. A stool 
culture showed this same organism, S. 
typihi murium but no S3’mptoms were 
present and no histor 3 ’^ relative to such a 
previous infection could be obtained. 

One student nurse developed a diarrhea, 
and S. oranienherg was recovered. The 
patient was discharged witliin 3 da 3 's. A 
surve 3 " showed that a waitress in the 
nurses’ dining room had this organism in 
her stool. This waitress admitted a bout 
of diarrhea a short time previoush'. 

Summary and Conclusions. During a 
4 3 'ear period at the Queens General Hospi- 
tal, S6 sporadic instances of Salmonellosis, 
revealing 21 known serologicall 3 ’ identifi- 
able strains were encountered. The stud}' 
includes a tabular correlation of the nature 
and severit 3 ' of the clinical picture, and 
the bacteriologic data, with particular 
reference to the sources of the cultures. 

The 3 most common species, S. cholera 
suis, S. Iyphi murium and S. orauienherg, 
are compared. The carrier state, the 
enteric fever form with and without gas- 
tro-infestinal manifestations, and the sep- 
tic forms alone and in combination, are 
presented from the standpoint of their 
individual features and ' their inter-rela- 
tionships. The s 3 'ndromes presented b\- 
the 13 eases who died, and the pathologic 
findings in the 9 inst.ances examined at 
autoj)S 3 -, arc tabidated, with a correlation 
attempted with the form of the clinical 
illness, the bacteriologic data and the mor- 
bid changes encountered. 

The intermediarN- position of Iyphi 
munum in this ef)mparison, from the 
standpoint of the clinical picture, the 
severit 3 ’ of the illness and the niorphologv 
of the lesions, is stressed, and the biologic 
implications noted. The rlata from 17 
hv/d;i murium ileaths on file at tlu- 
Beth Israel Ho>pital Salmonella T 3 'ping 
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Center and the autopsy findings in 9 of 
them are tabulated for comparison. 

The problem of the adaptation of the 
Salmonella organisms to different hosts, 
and the variable course the infection pur- 
sues in the different and in the same hosts, 
is discussed. The variation in the clinical 
course is stressed. Reference to the 
lesions of experimental Salmonella infec- 
tion under varying conditions, appearing 
in a separate communication, is included 
for comparison witlr the human morbid 
pathology. An analysis of the clinical 


course and the pathologic data is presented 
in the light of experimental studies of the 
pathogenesis of the enteric disease group, 
and the resemblance to typhoid fever in its 
mutable and multifarious forms. Typhoid- 
like lesions at autopsy caused by S. iyphi 
mumnn are emphasized. The broad bio- 
logic problem of Salmonellosis is presented 
from the standpoint of its relationship 
to the atypical coli infections of the gas- 
tro-intestinal tract on the one hand, with 
2 instances cited, and with typhoid infec- 
tions on the other. 
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HOOKWORM INFECTIONS IN TROOPS RETURNING FROM 

THE PACIFIC 

By Maj. Harry’ Most, M.C., A.U.S. 

Col. Joseph M. Hay’^ian, Jr., M.C., A.U.S. 

AND 

Lt. Col. Tiiosias B. Wilson, M.C., A.U.S. 

BWANNANOA, NOIITH CAnOLINA 

(From The Tropical Disease Section, Moore General Hospital) 


Routine stool surveys of men returning 
to this country’’ from various Pacific Islands 
have disclosed, among other parasites, a 
large number of hookworm infections. 
Of 2500 consecutive admissions to this 
hospital from the Pacific Theatre, 11.5% 
were found to have hookworm eggs in 
the stool. By contrast, the incidence of 
hookworm infestation in 4300 patients 
Avho had seen only continental service in 
this country was G.2 %.* Tlie composition 
of both groups from the standpoint of 
residence in southern hookworm states is 
sufficiently uniform so that this factor is 
not responsible for the difference observed. 
The complete details of those surveys are 
being reported in another paper (Lt. Col. 
T. B. Wilson, M.C., to be published). 

The purpose of this paper is to present 
observations on the nature, severity and 
re.snlts of treatment in patients with hook- 
worm infection who had served in the 
Pacific Theatre and who had been evacu- 
ated for other reasons. 

Material and Methods. This report deals 
with 284 ja\tionts. In 210 the diagnosis of 
hookworm infection had been made over- 
.‘jpas while in 74, eges were first demonstrated 
at this hospital. The complete clinical 
records of the jiatients in whom hookworm 
eges had been found in the stools over.<cas 
or in’ other hospitals in this country were 
reviewerl t<i determine the total number of 
treatments they had received prior to ad- 
mission to our Troj)ical Disease Section. 
If hookworm eacs were found on admission, 
all prt'vivuis treatments were considered 
failures, but if the stools were consistentlv 

• Thi-! fisrnte i<, liowi'Vi'r, not to Iv rccar(5(«l .i' 
evivU’Utv to Mteco'-t tV.nt mi-;, fjoin jinrtl-.f'r.i scr 
stationK.-.-Tnr I'-ofron'. 


negative the last treatment for a positive 
.stool was considered successful. All patients 
in this series with positive stools at this 
hospital received one or more courses of 
treatment, not on clinical grounds, but to 
determine if possible the genus of the hook- 
worm which they harbored as well as the 
efiicac 3 ' of treatment. 

Each stool was examined at least once bj- 
direct smear, zinc sulfate centrifugal flota- 
tion, brine flotation, and water centrifugal 
sedimentation. Stoll egg counts were done 
before treatment in 75 patients. The routine 
treatment employed was as follows: 30 gm. 
of sodium sulfate were given after the even- 
ing meal the night before treatment. No 
breakfast was allowed, and 3 cc. (occasion- 
ally 5 cc.) of tctrachlorcthylene given in soft 
capsules. Two hours later another 30 gm. 
of sodium sulfate were given. Following 
treatment, all stools were collected dircctl}’ 
into a large wide-mouthed jar until 4 r.M. 
of the day of treatnrent. The stool was 
then washed through a metal sieve and if 
adidts were recovered, thej' were identified 
In- the morphologx- of the mouth jjarts. The 
total number, genus and sexes were recorded. 

Results. 1. Scrrriii/ of Iiifrriioii. The 
average Stoll count on admission in 17 
patients who had been treated on 1 or 
more occasions overseas and subsequentlt- 
were found here to have Necator infec- 
tions was 1000 eggs per gm. of feces, with 
a range of from 100 to 0100. The average 
Stoll count on admission in 28 patients 
who lead been treated on 1 or more occa- 
sions overseas and subsecpieniU- were 
found here to have Aneylosioina infec- 
tions was 2205 eggs per gm.. n-iih a range 

of tlw iitv.fon-wjile pji-tarc, for rlore P 
ion-' nrxjioro'j thrir irsfi-ction •while in ^•jinhorr: jmir.in- 
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of from 200 to 9800. These findings may 
not reflect the original degree of infec- 
tion, since all these patients had had 1 or 
more courses of treatment prior to admis- 
sion here. However, the average Stoll 
counts prior to treatment in 15 patients 
in whom eggs were first discovered at this 
hospital and who subsequently were shovm 
to harbor Necator or Ancylostoma were 
2400 and 3200, respectively. This, as 
well as the total number of worms recov- 
ered subsequently (see below) indicates 
that the hookworm infections acquired 
overseas in the majority of patients were 
very light. 

2. Adult Recoveries. Following treat- 
ment, adult hookworms were recovered 
from 169 patients. The ratio of female to 
male for Necator was 1.6 and for Ancylos- 
toma 2.3. The total number of worms as 
well as the genus recovered from these 
patients is summarized in Table 1. 


treatment as Avell as the Stoll egg counts, 
it seems evident that the hookworm infec- 
tions in the majority of these men are 
relatively light. 

It is important to note that 65% of 
the patients from whom adults were 
recovered harbored Ancylostoma. Only 
12% of the latter resided in southern 
states or had received military training in 
possible hookworm areas in this country. 
On the other hand, 75% of the men with 
Necator infections resided in southern 
states in this country. It seems probable, 
therefore, that the increased incidence of 
hookworm among men returning from the 
Paeific is due largely to the acquisition of 
Ancylostoma infections overseas and that 
the ratio of Ancylostoma to Necator ac- 
quired in the Pacific is at least 3:1. 

3. Efficacy of Treatment. Tetrachlor- 
ethylene has been reported as producing 
cures in 70 to 90% of patients with hook- 


Table 1. — Recovery op Adult Hookworms Following Treat.ment With Tetr-^chlorethylene 

IN 169 Patients 


No. 



patients 

1-5 

Necator 

. . 09 

41 

Ancylostoma . 

. 87 

56 

Mixed . 

13 

4 

Total . 

169 

101 


The maximum number of Necator was 
86 and of Ancylostoma 112. In only '14 
of the 169 patients from whom adults were 
recovered were more than 25 rvorms found. 
Following treatment of 36 patients no 
adults w'ere recovered although repeat- 
ed stool examinations subsequently were 
negative for eggs. Failure to find adults 
in these patients who were apparently 
cured of the infection is regarded as evi- 
dence that the number of worms they 
harbored was very small, although it is 
admitted that the duration of collection 
may not have been long enough to find 
them. Tliis also applies to 79 patients 
from whom no adults were recovered after 
treatment, although subsequent stools 
were positive, indicating treatment fail- 
ure. Thus, on the basis of the total 
number of worms recovered following 


No. of adults recovered 


0-10 

11-25 

2G-50 

51-100 101-150 

12 

10 

6 


15 

10 

4 

2 

3 

4 

•• 

2 

30 

24 

10 

2 2 

worm 

infections following 

a single course 


of treatment with this drug. In our ex- 
perience the results of treatment judged 
by the number of courses administered to 
the same patients overseas who still had 
positive stools on admission here are not 
nearl 3 ' as encouraging. Of 100 patients 
who received one or more courses of tetra- 
chlorethjdene overseas, onl}' 42% were 
cured of their infection after the first 
course of treatment as determined bj'’ re- 
peated stool examinations at this hospital. 
The results of multiple treatment over- 
seas in these patients whose records were 
complete are presented in Table 2. 

Since no adult recoveries were done fol- 
lowing these treatments, no conclusions 
can be drawn concerning the relative 
efficiencj' of tetrachlorethylene in elimi- 
nating Necator versus Ancj'lostoma infec- 
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tions. However, since G5% of adults 
recovered from 169 patients were Ancylos- 
toma, the relatively poor results of mul- 
tiple treatment overseas may be due to 
the persistence of this parasite. In this 
connection, it is of interest that of 35 pa- 
tients in whom eggs were first discovered 
at this hospital, and who Avere treated for 
the first time for hookworm infections 
which Avere subsequently proved to be 
Ancylostoma, only 9 (25%) Avere cured 
after the first course of drug; 18 patients 
Avere re-treated and 7 (39%) Avere cured, 
making a total of 55 % cured after 2 courses 
of treatment. On the other hand, of 24 
patients diagnosed and treated for the 
first time at this hospital for infeetions 
subsequently proA^ed to be Necator, 16 
(66%) Avere cured. Three out of 5 aa'Iio 
Avere re-treated Avere eurcd, or a total of 
85% cured after 2 courses of treatment. 
These observations, A\dule limited in num- 
ber, suggest that multiple treatments 
overseas because of repeatedly positiA-e 
stools were the result of Ancylostoma in- 
fections in the majority of such patients 
and that tctrachlorethylcnc is less cfTcc- 
tiA'c against Ancylostoma than Necator. 
The relatiA’cly Ioav incidence of double 
infections AA'ith Necator and Ancylostoma 
in returnees from the Pacific (13 ca,ses in 
169 patients) may lie due not only to a 
loAver incidence of Necator in sonic Pacific 
areas but to elimination of Necator from 


a large proportion of the men as a result 
of several courses of treatment prior to 
their return to this country. 

4. Other Parasites. HookAvorm stools 
frequently had additional parasites. Of 
197 patients aa'Iio had hookA\mrm eggs in 
the stools, 80 had 1 or more helminths, 
59 had 1 or more protozoa, and 22 had 
both. The incidence of E. liistohjlica in 
this group Avas 1 1 %. The occurrence of 
S. japonicinn is a reflection of the fact 
that many of the patients in the group 
had served on Leyte and had been return- 
ed because of proA'en or suspected schisto- 
somiasis; the figure shoAA'n, therefore, can- 
not be taken as indicating the incidence 
of this infection in the Pacific. The dis- 
tribution of parasites other than hookAA’orm 
in this group is shoAAm in Table 3. 

5. Clinical Aspects. The clinical records 
of 100 malaria and surgical patients with 
hookAA’orm as the only helminthic infec- 
tion Avere revicAved. In no case Avere any 
signs or symptoms found Avhich could be 
attributed to hookworm infeetion alone. 
The aA-erage red cell count Avas 4.2 million 
per e.mm., the IoA\-e.st being 3.3 million. 
Only 10 patients had le.ss than 4 million 
red cells anti in these the anemia appeared 
to be related to a reeent attack of vivax 
malaria or a chronic surgical infection 
rather than hookAvorm infection. The 
aA'cragc jAcrccntage of eosinophils in this 
group Avas 10.2. In our experience hook- 


TAin.r. 2.— Erncir.Ncv of Itr.rr.ATr.n Covn^r.s of Tr.TiiACin.onKTini.r.sr. Ai>Mi.s'i<5Tr.iu;r) Ovkii«i:ak 
IN too Random Patif.nts With IIooKAvonM Infections 

linscd on Complete Clinical flccordi^ and .Stool Examination!! on Admission— Includes Ancylostoma. 

Xecatornnd Mixed Jn.feclions 


No. 


Silb't'qui'lit 

'•too!'! 

trrntod 

I’c'ilivo 

No;:'i!iv(' 

■ Tot'll ^ curod 

100 

.OS 

-12 

•12 0 

•IS 

.31 

1-1 

02 2 

.30 

IS 

12 

70 1 

10 

12 

1 

S.'> 7 

S 

•1 

-1 

O.'i 0 

.3 

1 

o 

O.S 7 


TaIII-F Ol'-TIUHCTION OF OtHEU PaRA-ITF.*- IN 


No. 


E. hi’iolytic.i . 

O » 

11 

K. mfiii 

. . -11 

20 

fA.’.' 

21 

10 

/. ? iLtschlii 

11 

3 

(7. tnm’Kia 

s 

•1 


laT P.ATlr.NTA Wmi IIOOKAVOIIA! Inffctionp 

No. 

E. Japn.icnm . . , 

r. . . . .20 

N. .'''•'co'ii'i* .... 7 

A.!'.im*''deo{'.fs ... 4 


13 

•1 
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■worm infection in service men returning 
from overseas are not clinieal and do not 
represent hookworm disease. 

Summary and Conclusions. 1. The 
incidence of hookworm infection in 
troops returning from the Pacific is 1.8 
times that found in troops 'vdio have 
served only in this country. 

2. Of 169 infections in which the type 
of hookworm was determined, 65% were 
due to Ancylostoma. The increased inci- 
denee of hookworm infections found in 
ser\dce men returning from various Pacific 
islands is believed largely due to the 
acquisition of Ancj’lostoma overseas. 

3. In our experience tetrachlorethylene 
is not as efficient in eliminating Ancylos- 
toma as it is in Necator infections, and 
this maj’’ account for persistently positive 


stools after multiple coiuses of treatment 
overseas. 

4. The demonstration of a high pro- 
portion of Ancylostoma infections in 
men returning from the Pacific may be of 
concern to public health authorities in 
this country, in ■view of the possibility of 
the introduction and establishment of this 
parasite. 

5. Hookworm infections in the major- 
ity of returning servicemen are light and 
rarelj'^ represent hookworm disease. 

6. Multiple parasitism is common in 
men returning from the Pacific. Finding 
1 or more parasites, though these may be 
non-pathogenic, should stimulate contin- 
ued search so that potentially serious 
infections are not overlooked. 
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It is unfortunate that the name, fibre- ing. Although the cysts are mainly micro- 
cystic disease of the pancreas, is a purely scopic, it seems unts'ise to call it simply 
descriptive patliological term, the use of fibrosis of the pancreas as tlie latter ap- 
which is necessitated by our lack of pears to be secondary to the acinar lesions, 
knotvledgc regarding the etiology of the Besides, fibrosis is a marked feature of 
disease. In the period prior to 193S, congenital syphilis (Porter®')> •'ind this 
individual cases were reported under many term might be confusing, 
and varying descriptive terms. The The clinical, biochemical and pathologic 
.synonyms arc as follows: pancreatitis, findings are closely intcr-rclatcd in this 
pancreatic disease, atrophy of the pan- disease and to reach an understanding of 
creas, congenital pancreatic steatorrhea, the pathogenesis and etiology, it will he 
ccliac disease, congenital cystic fihro- necessary to touch briefly on the clinical 
matosis of the pancreas, agenesis of the and biochemical aspects. But within the 
exocrine portion of the pancreas, con- space of this review, it will he impossiijle 
genital pancreatic disease, cirrhosis of the to enter into all of the clinical details 
pancreas, congenital familial steatorrhea, which may be found in other publications 
chronic interstitial pancreatitis in infancy referred to below in their appropriate 
and panereatie insufficiency (A^'olman)."*'^ places. 

■As is readily seen, many of these terms It must be noted before proceeding 
are of clinical origin and arose during the further that the pancreatic changes give 
twenty odd years before the appc.arancc rise to two clinical entities:’^' meconium 
of Dorothy Andersen’s classical article in ileus of the newborn and the syndrome of 
1P3S.’'’ clarifying and correlating the pancreatic steatorrhea in later life. In 
clinico-pathologieal relationships. As will the former, the pancreatic changes are 
he tinderstood, when the pathological find- well advance<l at birth, while in the latter, 
ings and etiological factors are discussed, the changes are slowly progressive over 
the name fihrorystie disease is not satb- months or years. 

factory but a more adtxpiate one is lack- IIiSToniCAi.- It is of interest to sketch 
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the historical background of the disease 
as it illustrates the long period that may 
elapse, in a relatively common disease with 
typical pathological findings, before the 
point of supersaturation is reached and a 
single observer gathers the evidence to- 
gether and crystallizes the clinical and 
patliological findings into a disease entity. 
Prior to Andersen’s paper,’" published in 
1938, about 27 cases had been reported 
under a variety of names. In the S years 
elapsing since 1938 several hundred have 
been reported. Furthermore, Andersen’s 
article has stimulated a renewed interest 
in the exocrine pancreatic secretions which 
had been previously over-shadowed b 3 ’^ its 
endocrine function. Tliis was in. part due 
to the difficulty of estimating pancreatic 
enzj’^mes, of interpreting anj"^ changes noted 
and lastlj’’ to the fact that adult pancreases 
do not commonlj”^ show lesions of the 
exocrine portion of the gland, except in 
association with obstruction of tlie pan- 
creatic ducts bj’' stones or carcinoma or in 
acute pancreatic necrosis.'’’”"''’''®®'®’ 

Much of tlie delaj'' in establishing this 
disease as an entitj^ was caused bj" 'WTiters 
clinicallj’’ regarding these cases as Gee- 
Herter’s (celiac) disease and the apparent 
failure of observers to note the isolated 
case reports appearing in the literature of 
proven advanced pancreatic disease with 
clinical sj^mptoms of celiac disease. Par- 
sons,®® in his Rachford lectures in 1932, 
stated that the pancreas is normal in 
celiac disease, which is, of course, true, but 
he makes no mention of the existence of 
pancreatic deficiencj" disease. Undoubt- 
edly some clinicians were on the right 
track but failed to report adequately' such 
pathological material as they obtained or 
interpreted the findings purely as second- 
ary’^ lesions.®®'®' Some cases were buried 
in the literature on vitamin A."’"® 

Undoubtedly, the pathologist was at 
fault in not taking routine autopsy sec- 
tions of that unassuming organ, tlie pan- 
creas. In a marasmic infant or a child witli 
bronchopneumonia, there would appear 
to be sufficient cause of death, without 
taking sections of ail organs. Further- 


more, because many’ of these infants die 
under 1 y^ear of age, the clinician failed to 
note the intestinal symptoms, so frequently' 
overshadowed by the respiratory disease. 
The paucity' of cases reported prior to 
1938 would seem to be accounted for in 
this manner. Awareness of the disease has 
markedly' increased its reported incidence. 

The pancreatic lesions were probably 
first described by' Landsteiner’® in 1905 
but his was a case of meconium ileus and 
probably', therefore, was ignored. Between 
1905 and 1919 several suggestive clinical 
cases were published but without post- 
mortem examination.® These were fol- 
lowed by' isolated reports with patho- 
logic studies in the literature up until 

1937 5, 7.12, 13, 15, 23,28,30, 32a, 33,35,41, 49, W, 69.72 

Although Parmelee'’® separated his cases 
from true celiac disease and apparently 
had a clear understanding of his cases, 
they' were too few in number to make an 
impression on the pediatric world. The 
same probably' applies to Harper’s report 
in 1930®®" and 1938.®®® Finally, in 1938, 
Andersen’" clarified the status of the dis- 
ease in a report on the findings in 22 new 
cases plus the above 27 cases and gave a 
clear description of the clinical and path- 
ological aspects. In the same y'ear Har- 
per,®®® Thomas and Schlutz,®® and Blackfan 
and May',® in a series of independent 
observations, also confirmed Andersen s 
conclusions. 

Since 1938 numerous cases®’’®’’®’®’'"®’'^' 
34.45.52.68.59 Jjayg been reported but rela- 
tively little or no advance has been made 
on the problem of etiology'. Improved 
techniques for obtaining and estimating 
the pancreatic enzymes, resulting in more 
accurate clinical diagnoses, have con- 
stituted the main advance. Treatment of 
the disease, studies of stool and blood 
lipids, detailed pathologic anatomy and 
one attempt to reproduce the disease, have 
been theprincipal subjects of investigation. 

Clinical Aspects. The disease clin- 
ically can be almost identical, in symp- 
tomatology, with idiopathic celiac disease 
so far as the gastro-intestinal system is 
concerned, the main differences being m 
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the earlier age of onset and the high 
incidence of suppurative lung lesions and 
the fatal outcome in fibrocystic disease of 
the pancreas. 

In most cases the time of onset is at 
birth or within the first 6 months to 1 year 
of life.’“’^^ Although the severity of the 
pathologic changes in the pancreas vary 
considerably in different cases, no attempt 
to correlate the age of onset or severity of 
symptoms with the pancreatic changes 
has been made. The age at deatli varies 
somewhat in the series reported but ranges 
from 2 days to 14-| j’^ears.'“'®'“ About 70 % 
of patients die during the first year of life, 
mainly as the result of respiratory disease. 
A small percentage survive beyond this 
period but the eventual outcome is fatal. 

The symptoms are marked by their 
variability but the cases may be divided 
into: (1) those with predominant res- 
piratory symptoms; (2) those with pre- 
dominant gastro-intestinal symptoms, and 
(3) those with a combination of botlr res- 
piratory and intestinal disturbances.®- 

Andcrsen’“ divided her cases in 3 groups 
and this seems to have been followed by 
subsequent observers. These arc: Group 
1— patients dying in the neonatal period, 
usually with meconium ileus with absence 
of other gastro-intestinal symptoms or 
lung infection. Group 2 — patients dying 
within the first G months of life (later 
observers have extended this group to 
1 year) and having nutritional disturb- 
ances often obscured by respiratory symp- 
toms. Group 3— patients dying after 1 
year of age with gastro-intestinal symp- 
toms resembling celiac disease. 

.-Vndersen’s second and third groups are 
characterized by respiratory symptoms, 
emaciatioji and undcr-rlevelopmcnt in 
spite of an excolient appetite. The stools 
may ajtiiear to be normal in early infancy, 
in many cast's, but with the giving of solid 
foods the stools become large.’”-'' The 
variation in the description of the stools 
by ditferent writers is probably due to 
the etfecis of multiple factors influencing 
tiigx'stion and absorption, which vary from 
I'atient to patient. 

— '‘rrTrvDin. 


All cases give a history of cough, sooner 
or later; the onset varying from 2 weeks'^ 
to upwards of 11 years.'*® It progressively 
becomes more severe and eventually 
patients develop purulent bronchitis, 
bronchiectasis and pneumonia. 

Incidence. The incidence of this dis- 
ease, as found at autopsy in children, 
varies somewhat from author to author. 
Andersen'® reported an incidence of 3.3 % 
in 605 autopsies, Menten and Middleton’® 
reported an incidence of 2.8% between 
1936 and 1943 but could find no cases in 
their autopsy material for the 10 years 
prior to 1936. Blackfan and May® reported 
1.3% and Farber®’® 4.8% between 1937 
and 1942. The latter author found an 
incidence of 12 % in 1942. Some authors'*®'®® 
consider that tl)e disease is more prevalent 
than formerly. Such opinions do not seem 
justifiable at the present time as more and 
more cases with less marked lesions are 
being diagnosed. For e.xnmple, Andersen’® 
reported only those cases with 90% or 
more of functionless pancreatic tissue yet 
states that 11.4% of the pancreases ex- 
amined by her showed le.ss marked lesions. 
One may conclude that the true incidence 
is not yet established but may be in the 
region of 4 % or more of autopsies. 

Andersen'® gave the sex incidence in her 
series as about 67% females and 33% 
males, .suggesting that females were more 
frequently afl'ected. Since then, it has 
become apparent that there is no sex 
predominance in fibrocystic disease of the 
pancreas.®® 

The familial incidence is relatively high 
as reported by Howard®' in 1944. He 
reviewed 120 cases and found 12 families 
in which each of 2 children had had the 
disease. Several authors have reported 
the disease as occurring in twins, some- 
times affecting only one twin.'®-®'-®® at 
other times both twins.®'" None of the 
twins appeared to be identical. Xo studies 
have been done witli reference to the 
Mcndclian principles. 

R.tCE and DisTRiBfnoN. Cases have 


been reported from Australia,®®’- 
ada.'® '® Knirland.'® Germany.® '' 


Can- 

Hol- 
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land,*® New Zealand,^® and the United 
States. The parents may come of Italian, 
German, Irish, English, Scotch and Ameri- 
can stocks.^"-^® I’^Tiites would seem to pre- 
dominate as Andersen reports only 
and Menten and Middleton^® only 2 cases 
occurring in Negroes. 

Roentgenological Aspects. The fea- 
tures of this diagnostic aspect have 
recently been reviewed by Pugh®^ in this 
journal. Roentgenologic studies indicate 
that there are non-specific intestinal 
changes and that the bilateral, widespread 
lung changes are suggestive but not 
pathognomonic of fibrocystic disease. 

Pathologic Anatomy. Externally the 
body is characteristicallj’ underdeveloped 
and emaciated with gross evidence of mus- 
cular atrophy. The abdomen is often 
protuberant and there is frequently an 
umbilical hernia. The bodj' cavities are 
usually normal except that the pleural 
cavities may show evidence of inflamma- 
tion, as would be expected from the 
incidence of lung lesions. 

Pancreas. The pathognomonic lesions 
essential to pathologic diagnosis are found 
in the pancreas and it is on the basis of 
the pancreatic changes that the disease 
entity has been distinguished from others. 
It must be emphasized that so far as can 
be judged from the histopathology of the 
pancreas, the lesion is essentially one of 
acini and ductules. The fibrosis is a 
secondary phenomenon upon which too 
much emphasis has been laid and which 
unfortunate!}’- is included in the cognomen 
of the disease for lack of a better name. 
This fact has been pointed out by Farber^' 
but needs to be re-emphasized. The 
secondary character of the fibrosis is 
clearly evident from the appearance of 
the milder lesions in which there may be 
little or no fibrosis but definite acinar-duct 
changes. Thus the lesion is essentially 
one of the exocrine portion of the gland. 

Grosshj, tlie organ may or may not show 
changes,'” depending on the extent of 
the lesion and possibly also on tlie dura- 
tion. Farberi'” has given the most exten- 
sive pathologic report on the pancreas 


with 87 cases as material. As Andersen’” 
has stated, acciu-ate gross diagnosis is 
markedly improved by e.xperience. The 
pancreas is usually firmer, smaller and 
thinner than normal. The weight is less 
than normal, although it must be remem- 
bered that there is a wide variation in 
normal weights. Mitchell and Nelson-'® 
give the following normal %’alues; Neiv- 
born and up to about 2 months of age, 
2 to 3.5 gm., 1 year of age, about 10 gm., 
4 to 5 years, 20 gm., and 10 to 12 years, 
30 gm. 

In those cases with advanced fibrosis 
there may be a distinct grittiness on cut- 
ting into the pancreas. If there is marked 
cyst formation and advanced fibrosis, the 
organ will present an irregular furrowed 
appearance due to alternating depressed 
fibrotic areas and elevated cystic or unin- 
volved normal pancreatic tissue. The cut 
surface will e.xhibit irregular lobulation 
with intersecting wide bands of connective 
tissue, as opposed to the regular, normal 
diamond-shaped pattern with scarcely 
visible septa. In some cases the cut sur- 
face, particularly in the head of the gland, 
will show dilated ducts filled with yellow 
plugs. Cysts visible to the naked eye are 
not often present. Occasionally the pan- 
creas is grossly fatty. 

The patency of the main pancreatic 
ducts is difficult to ascertain with any 
degree of accuracy but the consensus is 
that they are patent in the majority of 
patients living beyond the neonatal period. 
The incidence of atresia in roeconhim 
ileus is higher. It is e.xtremely difficult to 
dissect tlie main ducts in infancy due to 
their small size. Farberi’” states that in 
his series, a few cases showed definite 
narrowing of the ducts but in the majorit} 
no congenital atresia or stenosis vas 
found. There was stenosis in Kornblith 
and Otani’s case"” and in Hunvjtt am 
Arnheim’s®® as proven by following the 
duct of Wirsung in serial sections.^ Cas« 
of stenosis are reported by Benoit® an 
Tiling.®® In Andersen’s'® own cases at- 
tempts to demonstrate the patency of the 
ducts were unsuccessful in 4 out of 5 ca=cs, 
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the lumen appeared to end in fibrous tissue 
5 to 15 mm. from the ampulla of Vater. 
In the other case the pancreatic duct was 
dilated throughout. 

An important argument in favor of 
patency of the ducts is put forward by 
Farber.''*' A history of meconium ileus 
is not given by those patients who survive 
the newborn period. If congenital obstruc- 
tion of the ducts were the cause of pan- 
creatic fibrosis, then meconium ileus should 
l)e a constant finding. This has not proved 
to be the case. However, Oppenheimer’s 
case’® would seem to contradict this state- 
ment, as duct atresia was found in a 
10 months’ old infant who had no history 
of meconium i!e\is. 

j\[icroscopic(ilhi, the essential lesion is 
acc\mmlation of an eosinophilic secretion 
in the acini and small and large ducts. 
The eosinophilic material is homogeneous 
and frcqtiently lamellatcd, more particu- 
larly in the larger accumulations. Some 
of the larger masses contain fragments of 
eosinophilic substance mixed with pale 
faintly yellow material. This material 
docs not give the staining reaction of 
mucus by mucicarmin methods*' but on 
the other hand, Baggenstoss and Kenncdy- 
.state that it stains like mucus and occa- 
sionally like fibrin when appropriate stains 
are used. Occasionally the material filling 
the duets is calcified. Sometimes <lcs- 
quamated epithelial cells, occasional mac- 
rojdiages nr rare polymorjihonuclcar leuko- 
cytes are seen in the lumens. In the ease 
re])orted by Gamble-' the lumens were 
rejjorted to contain many leukocytes. 

The acini and ducts are dilated to a 
size that varies with the amount of secre- 
tion pre.^ent and the duration of the 
tliscase. In the younger infants, large 
cysts are not common. Although one 
speaks »if cystic tliseasc of the pancreas, 
the cysts are essentially mieroscopie. The 
lining epithelium may vary from normal 
height to very low. the degree of flattening 
apparently tiepemiing on the amount of 
aecunmlattal stvn’tioti. Ih'ss and Saphir"’ 
report the finding of occa>iona! mitotic 
figures in the acini. They also state that 


the cells were granular and the nucleus 
indistinct. 

The accumulation of secretion in the 
ducts has been reported in only a few 
other diseases. Rich and Duff,®® reporting 
on acute pancreatic necrosis, state that 
in 3 of their cases the disease may have 
been due to the presence of an abnormal 
secretion, since numerous ducts contained 
inspissated secretion that stained deeply 
and irregularly with eosin. In these cases 
the masses filled the ducts or appeared 
as individual masses separated by thinner 
secretion. Where the epithelium was 
desquamated, the duct wall was destroycfl 
and infiltrated with an abundant poly- 
morphonuclear exudate. This latter 
phenomenon has not been observed in 
fibrocystic disease and suggests that the 
secretion lacks trypsin, as active sterile 
pancreatic juice calls forth a polymorpho- 
nuclear exudate.®® 

Apparently the accumulation of secre- 
tion in fibrocystic disease results in pres- 
sure atrophy and gradual disappearance 
of the acinar tissue. In extreme cases all 
that remains arc isolated, widely sepa- 
rated, abnormal lobules and ducts scat- 
tered throughout the pancreas, with almost 
complete disappearance of acini. 

The islets of Langerhans arc not afi'ccted 
as a rule, although they were thought to 
be decreased in several cases®®-®'’’ ®' ®® and 
abnormal in one report.® Andersen''’ stjite.s 
that in some cases they were seen to 
maintain their connection with .-idjacent 
acini or tlucts but showed no other change. 
The.se histological finflings arc compatible 
with the absence of liyperglyccmia and 
glycosuria in this disease but the finding 
in some cases of a high glucose tolerance 
curve suggests that the histopathology of 
the islets requires more detailed investiga- 
tion. 

The supporting tissue of the pancreas 
is. in the later stages, greatly inere.asetl 
and the organ appears fibrotie. It is botli 
interlobular and intndobular (p('ri-aein;ir). 
liiere is no definite evidence of active 
prtvlurtioii of collagen and fi!>robla>ts are 
uncommon, .\ex-iording to Farber®'" the 
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apparent increase is due to coalescence Tin's occurs mainly in the older age groups, 
of the fibrous stroma following atrophy It is presumed from the clinical history 
and disappearance of acinar tissue. He and autopsy findings that these changes 
also states that in his series neither necrosis are similar in origin to fibrocystic disease 
nor acute inflammation were seen, al- and are simply a far advanced* stage of the 
though in some cases, the stroma was disease. This finding is by no means 
infiltrated by large mononuclear cells and incompatible with prolonged obstruction 
IjTuphocytes. Andersenl" makes the state- of pancreas, as in pancreatic lithiasis and 
ment that these inflammatory cells varied carcinoma of the head of the pancreas^’ 
from a few to a sufficient number to war- such may occur. Also, in experimental 
rant the diagnosis of subacute or chronic ligation of ducts in animals,^ fatty infiltra- 


pancreatitis. When the cells were numer- 
ous a few polymorphonuclear leukocytes 
were present as well. The cellular infiltra- 
tions were diffuse and bore no consistent 
relationship to the ducts. The mono- 
nuclear exudate is probably associated with 
products of degeneration, rather than with 
the presence of infection. Such infiltra- 
tions have been noted to be marked 
shortly after ligation of the pancreatic 
ducts in animals but tliej’^ decrease as the 
pancreas becomes more and more atrophic 
and fibrotic.'*--® 

Search of the literature has failed to 
reveal any adequate e.xplanation or de- 
scription of the exact mode of disappear- 
ance of the acinar cells or the masses of 
inspissated secretion. The latter are pre- 
sumably absorbed as no foreign body reac- 
tion has been noted, nor have the con- 
cretions been seen elsewhere than in the 
lumens of the ducts or acini. 

Those cases showing minor lesions are 
perhaps of most interest and of greatest 
significance. As Farber^^'^ states, they 
show no, or slight, increase of connective 
tissue and the large ducts are not dilated 
but the lumens of the small ducts and the 
acini contain acidophilic inspissated secre- 
tion and are dilated. In some of these 
earlier cases, the inspissated secretion may 
be present in some lobules and absent in 
others."* Furthermore, considerable num- 
bers of normal acinar cells with acidophilic 
secretory granules may be seen.*®-'* 

A few cases have been reported’’-*'--®-" 
3 o. 326 .e 4 ,«s,Ti jjj in-hich the pancreas is largely 
fatty, only remnants of ducts remaining 
surrounded by localized areas of fibrous 
tissue. The fat is of the ordinary tj-pe. 


tion has been reported. On the other hand 
it is also found in obese subjects without 
obstruction.’® It is difficult to understand 
why, in a disease marked by disappearance 
of fat from the depots of the body, the 
pancreas in a few cases is extensively 
replaced by fat. 

Respiratoet Svstem. ” Lesions of the 
lungs are almost invariably present in 
those patients who live beyond a few 
weeks. Grossly, there may be hj-per- 
expansion of the lungs, particularly an- 
teriorly, associated with obstructive atelec- 
tasis elsewhere. The trachea, bronchi and 
bronchioles are obstructed bj" a thick 
tenacious mucoid or muco-purulent exu- 
date.®*' The latter in some cases is abun- 
dant. There is moderate to marked 
bronchiectasia and broncliiolectasia, de- 
pending on the duration of the disease. 

Bronchopneumonia and abscess forma- 
tion are common. In most of the cas« “ 
the abscesses appear to arise in relation 
to the small bronchi. The bronchia! and 
bronchiolar walls are infiltrated with in- 
flammatory cells. Blackfan and ^lay® 
refer to these infiltrating cells as being of 
the mononuclear and lymphoc^^-tic type, 
while the lumens are filled with poly- 
morphonuclear leukocy-tes. In those cases 
with vitamin A deficiency, keratinizing 
squamous metaplasia of varying degree 
may be present in tlie bronchi and trachea. 
Where the process is of long duration, 
considerable fibrosis of the lungs may 
occur and there may also be a chronic 
interstitial pneumonia.®’' Blackfan am 
]\fay'state that the pneumonia is primarily 
an interstitial one with secondary' involve- 
ment of the alveoli and alveolar ducts. 
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The common lung invader is the staphy- 
lococcus pyogenes. Farber”^*' states that 
this organism appears to be of low viru- 
lence, as shown by its lack of invasiveness 
and by the relatively small amount of 
damage to the lungs, even after a process 
lasting for months. Farber^^' is the only 
author who appears to have drawn atten- 
tion to a change in the mucus glands of 
the respiratory tree. He remarks that the 
glands in the trachea and bronchi are 
distended and the lumens filled with a 
thick material similar to that found in the 
pancreatic tissue. Exactly what is meant 
when he says it is similar to that found 
in the pancreas is difficult to say. The 
material in the mucus glands of the trachea 
stains like mucus, while that in the pan- 
creas does not. There does not appear to 
be any lamellatcd material as in the pan- 
creas. He believes that the mucus in the 
lumen of trachea and bronchi is unusually 
thick and because of that he believes there 
has been inspissation of secretion. Un- 
doubtedly, in many cases, the mucus 
glands are dilated and filled with mucus, 
the nuclei of the cells arc flattened against 
the basement membrane and the cell out- 
lines arc most indistinct. However, in 
some cases the mucus glands appear nor- 
mal.'^ Baggenstoss and Kennedy- state 
that in their cases the bronchi and their 
glands contained an exudate more purulent 
than mucoid and that only occasional 
glands were distended. Chronic infection 
of the trachea and bronchi cannot be 
ruled out a.s a cause of this histological 
elumgc- Although no proof has been 
•ilTered as yet that the secretion is altered, 
nevertheless, this is an important observa- 
tion Avhieh requires further confirmation. 

/.mr. The liver is usually increased in 
sire, is yellow in color and somewhat 
softer than normal, Anderseffi° states 
that a fatty liver was found in 19 or about 
a thinl of her cases, .\moni: these. 21 
oec\irrtHl in the ace gnmp of 2 weeks to 
<> months and in tho-e <lying after 
<» moTiths of ace. Bhilipshorn. n/.'- 
rxqwniHl !,*> out of 29 cases as showing 
Steatosis. .\li their patients without fatty 


livers were under 9 months of age. In the 
few cases of Farber’s-^' series in which 
there was no fatty metamorphosis of the 
liver, the pancreas showed only slight 
degrees of atrophy. He believes that a 
rough direct correlation could be made 
betAveen the amount of fat in the liver and 
the degree of fibrocystic disease of tlie 
pancreas. Such fatty livers are found in 
experimental work on dogs, Avhere com- 
plete depancreatization eA'en Avith the use 
of insulin results in the liver becoming 
fatty. On the other hand, in dogs,^^ 
monkeys,”® cats,^® and possibly humans,”® 
AA'here ducts have been ligated or removed 
with resultant atrophy of the pancreas, 
there has been no tendency to liA’er 
steatosis. The e.xperimental work on the 
lipotropic substances (either tire internal 
secretion of Dragstedt, or choline or 
lecithin) is too controversial for final 
CA'aluation. Dragstedt-' belicA'es it might 
originate from the alpha cells of the pan- 
creas, Avhich Avould be supported by the 
fact that in pancreatic duct obstruction, 
fatty livers do not tend to be found as the 
islets of Langerhans are intact. Cole and 
Howe” describe a case in an adult and 
haA'o collected 5 from the literature in 
Avhich there Avas atrophy of the pancreas 
(exact etiology uncertjun), with marked 
steatosis of liA’er. These authors belicA’c 
that both in the reported cases in adults 
and in fibrocystic disease of the pancreas 
in children, the fatty metamorphosis of 
the liver is secondary to the pancreatic 
disease. If this is so, one must look clse- 
AA'liere than in islets for tlie source of 
lipocaic. The significance of the high 
incidence of fatty liver in fibrocystic dis- 
ease requires investigation as to Avhethcr 
it is a general effect of poor nutrition or 
is specifically secondary to pancreatic 
di.scasc. 

Histologically, tlie hepatic cells contain 
large droplets of fat (fatty metamorphosis'). 
This is uniformly di-tribute<l throughout 
the organ. In the earlier stages it m.ay be 
most marked about the central A-cin. 
Andersen states that hemo-iderin is pres- 
ent in tlic liver and KupfTer cells almost 
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invariably but Farber makes no mention 
of this, nor does any other autlior. 

In a small number of cases (the exact 
incidence is unknown but Andersen^" re- 
ports 4 cases) there is a cirrhosis of the 
liver centered about the portal areas. 
Grossly, there are large coarse and rather 
irregularly distributed scars in the liver, 
partly marking off areas of liver paren- 
chjuna of varying size, Farber-^' thinks 
the cirrhosis is due to intrahepatic biliary 
obstruction as he found the small bile 
ducts dilated and filled with eosinophilic 
material like that in the pancreas. He- 
considers it likely that this secretion con- 
sists of mucoprotein and its presence, as 
in the pancreas, leads to obstruction and 
dilatation of the ducts with atrophy of 
the parenchyma drained by these ducts, 
leading to condensation of the stroma, and 
development of a somewhat focal type of 
fibrosis. It Appears to be a biliary type 
of cirrhosis but jaundice has never been 
reported. Proliferation of bile ducts has 
been observed."* Initially the cirrhosis 
seems to be focal in distribution and even 
in advanced cases, normal portal areas 
may be seen. 

Additional Findings. Grosslj' in 8 cases 
of Andersen’s*® series the gall bladder Avas 
small and contained a small amount of 
translucent gray mucus and in 4 of these 
cases the cystic duct Avas atretic, but in 
most instances this organ and the bile 
passages are not reported upon. Andersen 
had 1 case AA’ith atresia of the bile duct, 
atrophy of the gall bladder and cysts of 
the cystic duct and gall bladder. Six or 
30% of her own cases presented cA-idence 
of cystic duct atresia. No abnormalities 
of the common or hepatic ducts haA-e been 
reported except in 1 case*’ which showed 
narroAved common and hepatic ducts. 
Farber mentions that frecpiently the gall 
bladder mucus glands are distended and 
in this respect resemble the glands of the 
pancreas. Furthermore, he found the gall 
bladder to be often small and its contents 
tliicker and stickier than normal. 

The spleen is normal or slightly enlarged. 
In 1 case Avith cirrhosis of tlie liver tlie 


spleen was large and somewhat fibrous.^ 

Changes in the alimentary tract are not 
commonly mentioned but dilatation and 
h 5 'pertrophy of the colon have been re- 
corded.*®-*^ hlicroscopically a moderate 
infiltration of lymphocytes and plasma 
cells with occasional polymorphonuclear 
leukocj’tes and fibrosis of the submucosa 
of the bowel Avere seen in a few cases.'*'*® 
Taa'o of Andersen’s cases had atresia of 
the small boAA^el and 1 had an obstructing 
band across the ileum. All 3 died at 
4 to 6 days. Farber**® mentions dilatation 
of mucus glands of the duodenum, the 
jejunum and the esophagus with tliick 
material as in the pancreas. Baggenstoss 
and Kennedy’ could only find dilatation 
of the mucus glands of the duodenum. 

The heart is usuall 3 ’^ normal although it 
maj’' show fatty infiltration. Cor pul- 
monale without histological changes in 
the pulmonarj' A'ascular tree has been 
noted in 1 case of fibrocj’stic disease with 
bronchiectasis." The incidence of con- 
genital heart disease is not increased in 
fibrocj'stic disease. 

In those cases with severe Autamin .4 
deficienc.AO keratinizing metaplasia maj' 
be found in the salivar.v glands, lar.vnx. 


trachea, bronchi, uterine mucosa, peri- 
urethral glands, peh'ic mucosa of the 
kidnej*, ureters, bladder, etc. Farber'® 
reports dilatation of the acini of the sub- 
lingual, submaxillary and parotid glands 
bA' inspissated secretion. "Wilson and . 
Dubois'* reported a marked inflammatorj 
infiltration of saliA'arj’’ glands hut found 
onty an occasional dilated acinus. Oppen- 
heimer*’ likeAvise reported the finding of 
onlj’ a fcAV dilated acini in the saliA'arj 
glands. Inclusion bodies haA'C been re- 
ported in salivary' glands of a feA\' cases. ■“ 
The Tcproduciire organs are rarelv' com- 
mented on but Flax, ci al.-^ report a case 
of probable meconium ileus in Aviu’ch the 
uterus and A'agina were large and there 
was a profuse mucus e.xudate in the caM- 
ties of both. Sections of the uterus showed 
large distended mucus glands in place of 
the normal endometrium. Atresia of the 
ureters is not uncommon.*® Calcium salts 
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in the cells of the kidney tubules has been 
reported.^ Sections of the skin and sub- 
cutaneous tissues show almost complete 
absence of fat.^" 

Mcconhm Jlexis. Meconium ileus'®'*® ~ 
2 o, 2 itj, 30,30.41,42,00 jg g clinical term for a con- 
dition found in the newborn which is 
intimately associated with lesions of the 
pancreas identical with those found in 
older infants and children and called 
cystic fibrosis of the pancreas. It is char- 
acterized by intestinal obstruction in the 
newborn as a result of inspissation of the 
meconium which becomes so thick and 
sticky as to be immobilized in the gut. 

This was first described by Landsteiner'® 
in 1905 — who a.scribed it to lack of ex- 
ternal pancreatic secretion resulting in 
failure of liquefaction of the meconium. 
This hypothesis seems to have been con- 
firmed by Farbcr.®*'* The causation is 
either: (1) congenital stenosis or atresia 
of pancreatic ducts®®'" or (2) acinar and 
duct obstruction in inspissated sccre- 
tions®''’’®''* or (3) possible failure of normal 
development of the pancreas.®® 

In any case, the histological findings in 
the pancreas are identical with cystic 
fibrosis. Since at the most these patients 
do not live beyond a few weeks, there is 
as yet no evidence that they would develop 
the lung lesions or lesions of other secreting 
glands as in the older group. Therefore 
it is unknown whether the pancreas is the 
only organ involved.®''' If Farber’s hypoth- 
esis, regarding fibrocystic disease of the 
pancreas as being a systemic disease, is 
correct, one should in some of these cases 
expect the glandular changes to be present 
elsewhere in the body, but as yet there 
has been no note of them. 

The 3 adequately reported cases of 
meconium ileus.-'®'"'" iji which the duct 
of IVirsung was examine<l in serial micro- 
scopic sections, .showinl marked stenosis 
of the ducts, a short distance from the 
ampulla of Vatcr. The ducts, <listal to 
the stenosis, were dilated and Ilurwitt 
and .Vrnheinv' point out that primary 
]>aronchyma! fibrosis does not produce 
such dilatation of the distal parts of duets. 


They regard these stenotic ducts as being 
due to a focal developmental defect and 
not to failure of the pancreatic ducts to 
recanalize in embryonic life. They suggest 
that the pancreatic lesion is an early intra- 
uterine lesion, the time of origin of which 
might be roughlj' estimated by the dis- 
tance the meconium has traveled. In their 
own case the meconium was at the ileo- 
colic junction and in Kornblith and Otani’s 
case at the hepatic fle.xure. They quote 
Keith''" as stating that meconium reaches 
the ileocolic junction by the fourth month 
and the rectum by the fifth month of 
fetal life. 

In Kaufman and Chamberlin’s®® case 
the ducts were not examined but in exten- 
sive sectioning of the pancreas they failed 
to find more than one fully developed 
excretory duct. No small ducts with 
normal tall columnar epithelium were seen. 
The structure of the acini was not normal 
and their impression was that the develop- 
ment of the acini was faulty and that 
maturation of small ducts into acini had 
been prematurely arrested. 

Biochemical Data. Chemical analysis 
of the stools has always held an important 
role in the investigation of the celiac 
syndrome and in e.xperimcntal work with 
animals. It would now appear, however, 
that their diagnostic role will be le.ss im- 
portant in the future and will be replaced 
to a large extent by estimation of the 
duodenal enzymes. Ncvertheles.';, the 
estimation of fat, protein and carbohy- 
drate in the stools has played an important 
part in the understanding of pancreatic 
defioicncy. 

It may be briefly pointed out that large 
amounts of the fat, protein and carbo- 
hydrate in the diet fail to be absorbed 
and are lost in the stool, particularly in 
the case of the former two. The loss of 
protein is particularly important and ac- 
count.s, at least in part, for the failure of 
development and the emaciation in the 
subjects of this disease. The many factors 
that influence the loss of these substances, 
and the care that must be taken in their 
quantitative cst imation and the interpreta- 
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tion of the latter may be found in the ref- 
erences in the bibliography 

The loss of fat, protein and carbohy- 
drate in the stools of cases of fibrocystic 
disease of the pancreas is similar to that 
found in experimental animals in which 
the pancreatic ducts are ligated.^®’^^ Atten- 
tion is dra-rni to the fact that effects of 
ligation vary considerably from time to 
time in the same animal and from animal 
to animal,®*'®^ and probably the same 
applies to cases of fibrocystic disease, 
accounting for variations' in the stools 
and in symptoms. The processes of diges- 
tion and absorption are complicated and 
there are still too many unknowns, to 
lay down hard and fast rules. However, 
it may reasonably be concluded from the 
stool changes in fibrocj'stic disease and 
their correlation with experimental work, 
that the exocrine pancreatic juices are 
lacking. 

The estimation of the duodenal enzymes 
has assumed great importance since the 
separation of fibrocystic disease of the 
pancreas as a disease entity. • Much in- 
vestigation^''^'"'^’®-''^^ has been directed 
towards this problem and as the result of 
advances in technique, clinical interest 
has been regained in the quantitative 
estimations of tlie enzymes. Their estima- 
tion in fibrocystic disease is essential for 
clinical diagnosis. 

In fibroc3’stic disease the values are 
very low or zero for all enzymes, well 
below the low limits of normal cases or 
of otlier diseases. Estimation of tr^Tpsin 
only is necessary. The low values persist 
even on repeated examinations.^ It is 
important to note that the duodenal fluid 
is scanty and very auscous as might be 
expected from the histological appearance 
of the secretion in the pancreas. Intra- 
venous secretin fails to affect the volume 
of the fluid or its enzj-matic content,"*^ ” 
except possibly in early cases. 

The results of enzjune estimations con- 
firm the histological appearance of marked 
pancreatic dysfunction. It is not known 
whetlier the pancreas fails to produce 
enzymes or whether the escape of these is 


prevented by increased viscosity of the 
secretions. As some cases have a small 
amount of enzymes present, it may be 
that enzymatic secretion is normal but 
the secretions cannot escape. On the other 
hand their presence might be accounted 
for by areas of normallj^ functioning tissue, 
such as are sometimes seen histologicall.v. 
Much more correlation between enzjTue 
activity and histological findings is re- 
quired before any conclusion can be 
reached. 

As regards gastric analysis little or no 
information can be found in the literature 
but Andersen (personal communication)'-^ 
states that in general, except in extreme 
marasmus, the acidity and rennin content 
of the gastric juices are normal. This is 
a rather important observation from the 
viewpoint of Farber’s theory that this 
disease may be a general one affecting 
secreting glands. The stomach would then 
have to be excluded from the general 
thesis. 

In general, chemical examination of the 
blood is not of great value. The glucose 
tolerance curve may be flat'® or high.®® 
Blood cholesterol tends to be low.’®-'® 
Total lipids and their fractions are essen- 
tially normal.^® The fasting %'itamin A 
content of the serum is Ion'®" and tlie 
vitamin A absorption curve is flat.® These 
findings seem to confirm tlie failure of 
adequate absorption, particularly of fat, 
but throw no light on tlie etiology of the 
disease. 

Etiology and Pathogenesis. Before 
commencing to discuss these aspects of 
the disease, it is well to remember that 
the pancreas is but one supply depot of 
enzymes in the complicated and lengtliy 
process of digestion, commencing in the 
mouth and ending with the expulsion of 
the undigested residue. In addition to 
the digestion of food, there is the equally 
complex process of absorption. One or 
both mechanisms may be affected and to 
distinguish the role of each in disease, is 
difficult. Experimental work has defincrl 
areas in the gut where certain process^ 
are known mainly to take place but their 
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correlation with other parts and their 
ability to take over functions, one from 
another, is not clearly defined. For years 
arguments have been going on as to the 
importance and necessity of the exocrine 
secretions of the pancreas in digestion. 
So far as dogs, rabbits and cats are con- 
cerned, it is apparent that the exclusion 
of the pancreatic juices does affect their 
health, although not in a sharply defined 
manner. Much care must be taken to 
exclude all pancreatic juices from the 
intestine, for funetional disturbances can 
be prevented if only 1 cm. of pancreas 
is left attached to a patent duct.®® 

The importance of the pancreatic en- 
zymes in digestion has recently been again 
clouded by the results of surgical exclusion 
of the pancreatic juices in humans.”“ A 
majority of the cases in a small series did 
not develop symptoms of pancreatic dys- 
function. Brunschwig,"''-'^® after tran- 
secting the head of the pancreas and 
ligating the ducts in monkeys, has found 
that they live and thrive for several years 
without evidence of disturbed digestion. 
There was no evidence at autopsy that 
the pancreas was functioning. 

As a result, in any disease which shows 
marked pancreatic change, one must be 
careful in attributing a host of symptoms, 
signs and biochemical findings entirely to 
dyshinction of this organ. Therefore, in 
fibrocystic disease of tlie pancreas, al- 
though many of the celiac symptoms are 
attributable to deficiency of the pancreatic 
secretion, one must be wary of assuming 
that this disease entity is dependent 
wholly on the pancreas. Such an assump- 
tion may be later proven to have been 
VTong. In short, the pancreas may be 
only the symbol of a much more general- 
ized disease, as pointed out by Farber."^' 
Nevertheless, all discussions of etiology 
and pathogenesis center on attempts to 
explain the changes in the pancreas. 
There is general unanimity in regarding 
the pancreatic lesions as of obstructive 
origin.''’"*'' but the exact mechanism of 
obstruction is uncertain. The very nature 
of the lesion with its dilate<l acini and 


ducts filled with secretion and the ultimate 
atrophy and replacement fibrosis, indi- 
cates obstruction. The end results are 
similar to those following ligation of the 
ducts experimentally and in cases of 
obstructed ducts.^'^^ Other than the final 
result, it is questionable whether the 
changes following sudden complete ob- 
structions of the pancreatic ducts are 
comparable to the obstruction in fibro- 
cystic disease. In the latter disease the 
obstruction is probably partial at first 
and slowly progressive, possibly never to 
become complete. 

The etiological theories, regarding the 
mechanism of obstruction, can be dis- 
cussed under three headings; (1) Infec- 
tion, (2) Vitamin A deficiency, (3) Con- 
genital defect; (a) Obstruction from 
atresia, (6) Obstruction from production 
of an abnormal secretion. 

Infection. It has been suggested'" that 
the presence of minor degrees of inflam- 
mation in the pancreas might indicate a 
fetal or post-natal infection. The main 
evidence against infection is the absence 
of a known infecting agent; the failure to 
find inflammation of the pancreas in the 
presence of gastro-intestinal infections; the 
absence of chronic biliary infection in 
children and the presence of similar in- 
flammatory infiltrations in the degenerat- 
ing pancreas in experimental ligation of 
the ducts. The familial incidence is also 
against fetal inflammation. Congenital 
lues is ruled out by the failure to find 
evidence of syphilis in the majority of 
cases. Although a few cases show inclusion 
bodies in some of the tissues,® the incidence 
is no higher than that found in routine 
autopsies.®*' Finally, inflammation of the 
pancreas does not e.xplain the high inci- 
dence of lung lesions in tliis disease. 

Vitamin A Deficiency. The cliicf dif- 
ficulty in assigning the causation of fibro- 
cystic disease to tliis deficiency is the 
absence of squamous metaplasia of the 
pancreatic ducts of sucli extent as to 
cause obstruction, except in rare cases. 
Extreme cases of vitamin A. deficiency 
may show no pancreatic change.® There 
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is no evidence that pre-natal deficiency of 
^^tamin A is a causative factord” 

The balance of evidence suggests that 
vitamin A' deficiency is a complication and 
not the cause of the disease. However, 
this deficiency, with considerable reason, 
has been regarded as the cause of the lung 
lesions.’"'^® Here again, although the rela- 
tionship has not been clarified, the weight 
of evidence appears to be against vitamin 
A deficiency as a primary cause of the 
pulmonary infection.^^' Lung infection is 
not common in idiopathic celiac disease 
in which vitamin A absorption is poor, or 
in adult humans or animals with pan- 
creatic duct obstruction. On the other 
hand, Oppenlieimer’s patient with straight- 
forward duct atresia died with pulmonary 
disease, which may have been secondary' 
to the vitamin A deficiency present. Until 
direct evidence is found, the relationship 
of the pulmonary lesions to vitamin A 
deficiency will remain obscure. 

Congenital Defect. The fact that the 
lesions are frequently present at birth or 
develop in early infancy, as well as the 
familial incidence and the frequent pres- 
ence of atretic ducts elsewhere, suggest 
strongly that tlie basic abnormality is a 
congenital one. Yet, it differs from most 
congenital anomalies, such as atresia of 
the bile ducts or congenital heart disease, 
in the absence in most cases of a gross 
anatomical defect. The variation in the 
severity of the microscopic lesions and 
the survival of a considerable number of 
patients well on into cliildhood is puzzling 
and one must assume that the basic defect 
continues to operate with varying in- 
tensity long after birth and in a different 
manner from a clear-cut anatomical defect. 
For tliese reasons, the reviewer belie%'cs it 
important in fibrocystic disease to separate 
those cases secondary to congenital atresia 
of the ducts from those witliout atresia. 
There seems to be no reason why pan- 
creatic duct atresia could not occur as an 
isolated anatomical defect, in wliich case 
the secreting glandular structures of the 
bronclii and other cpitlielial tissues would 
not necessarily be congenitally abnormal. 


On the other hand, in those cases without 
atresia, it would be reasonable to hj-poth- 
esize, as Farber has done,-'*'' that there is 
a generalized defect of the exocrine glandu- 
lar secreting tissues, including the pan- 
creas, if the anatomical evidence sup- 
ported the theory. 

(a) Congenital Dnct Atresia. There 
seems to be no doubt whatsoever, that a 
few cases of fibrocystic disease of the 
pancreas, excluding cases of meconium 
ileus, have tlieir origin in atresia of the 
pancreatic ducts.® Although Andersen'" 
and Farber"^" state that congenital atresia 
of the main ducts is uncommon (e-xcept 
in meconium ileus), this is by no means 
certain as most of the examinations of 
the ducts appear to have been made by 
gross dissection and in but few cases have 
microscopic serial sections been made. 
The difficulty of tracing tliese ducts 
grossly'" in infants emphasizes tlie neces- 
sity of careful serial microscopic e.xamina- 
tion of these ducts. Furthermore, the 
head of the pancreas and second part of 
the duodenum should be removed in toio, 
routinely at autopsy, and kept until^ sec- 
tions of tlie pancreas are examined. 
Andersen has suggested'" that when sten- 
osis or atresia is present it may have been 
the result rather than the cause of the 
fibrosis. 

A theory which comes under tlie head- 
ing of atresia is that proposed by Rauch, 
ct fl/.®® This is based on the common origin 
of the anlagen of tlie lung and pancreas 
from the entodermal tube. In order to 
bring the pancreatic and lung lesions into 
relationship, they proposed that at some 
stage of development of these organs, ns 
a result of budding, a constriction of some 
of the e.xcretory ducts of both organs 
might occur, giving rise to congenital 
bronchiectasis and congenital fibrocystic 
disease. Altliough some pancreases show 
apparent failure of proper development, 
no factual proof for tin’s tlieory has been 
adduced. 

•Another form of obstructive lesion 
described by Bald and Ballon’ (not neces- 
sarily congenital), consisting of focal cpi- 
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thelial metaplasia of the ducts of the 
pancreas, causing small duct obstruction, 
is ruled out by their absence in the 5 cases 
examined by Rich and Duff.®“ 

(b) Theory of Abnormttl Secrclion. This 
reasonable, intriguing and all embracing 
hypothesis has been developed by Farber^*' 
in an attempt to explain particularly the 
association of lung and pancreatic disease 
and to aceount for the pancreatic lesions 
in the absence of main duct atresia. In 
brief, he believes it is a systemic disease, 
of which the pancreatic changes are only 
a part, although they may predominate. 
It is based on a statement by Blackfan 
and Wolbach'^ that the pathogenesis of 
fibrocystic disease of the pancreas lay in 
the production of an abnormal secretion, 
but Farbcr has extended the theory to 
include other epithelial lined organs. His 
study of 87 advanced cases and of about 
350 early cases^^'' leads him to believe that 
the basic lesion is a physically altered 
secretion causing obstruction of acini and 
small ducts, later involving large ducts 
and leading to atrophy and fibrosis. The 
definite absence of duct atresia which has 
been proven in a few cases,’'’ * the 
absence of any large duct dilatation in 
some case.s"*'^ and the thick scantj' duo- 
denal juices, is evidence in favor of an 
abnormal pancreatic secretion. Further- 
more, the presence of aberrant pancreatic 
tissue showing similar changes to the pan- 
creas, in 3 cases, argues that in- 
trinsic biochemical alterations of the 
secretion are fundamental. Unfortunately 
there is no direct proof of this alteration 
nor evidence as to its nature. 

The evidenee for altered secretion in 
other epithelial lined organs is le.ss con- 
vincing. Farbcr’’''"’^ claims that many 
cases .show dilat:ition of glands and inspis- 
sation of secretion in the trachea, bronchi, 
esophagus, duodenum, gal! bladder, saliv- 
ary glands and jejunum. .\11 cases reported 
jjrevious to his publication make ahno>t 
no mention of .'■ueh findings, although in 
2 cases’^ '- the salivary glands showed 
minimal dilatation of acini. .Vs has been 
previously indicat('<l. the one study re- 


ported* since then was not strikingly con- 
firmatory. It is apparent that confirma- 
tion of the extra-pancreatic lesions is still 
lacking, althotigh it may be noted that 
the liver lesions of the associated cirrhosis 
bear a striking resemblance to those of 
the pancreas.^’ 

As further proof of his theory, Farber^’" 
has reported a case in which the lungs 
and liver showed the above-mentioned 
changes in a patient who had no symptoms 
referable to pancreatic achylia and in 
whom at autopsy a normal pancreas was 
found. 

Farber has suggested*'" that the char- 
acter of the duodenal drainage and the 
inspissated secretions in the acini are 
reminiscent of vagal stimulation (as has 
been known for years vagus stimulation 
produces a thick secretion, high in enzyme 
content). He suggest.s that a disturbance 
of parasympathetic innervation or an 
autonomic imbalance in nervous control 
of secretions in the pancreas and in mucus 
glands may be at fault. He has produced*'® 
a similar lesion in the pancreas of kittens 
by the injection of a parasympathomimetic 
drug (pilocarpine) over a period of 2 to 
8 weeks. Extronc loss of weight and 
severe nutritional disturbances were the 
chief clinical fca lures. As far as the 
reviewer can fin.i, no one has repeated 
these most interesting experiments. 

Summary. Fibrocy.stie di.sease of the 
pancreas is the name given to a disease, 
whoso etiology is completely unknown, 
because the pancreas shows the most 
striking histological changes. In the 
absence of a better name, one must re- 
member not to place too much emphasis 
on the pancreatic changes until it i.s proven 
to be essentially a disease of the pancreas 
alone, or otherwise. In view of the con- 
tradictory experimental findings in animals 
and humans where exocrine secretion of 
the ])ancrcas hsis been excluded from the 
gut, one must proceed most cautiously in 
.assigning to the pancreatic lesions in this 
disease :in ail-important rule. 

Clinically, the di>ease is characterized 
by severe respiratory infection and gastro- 
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intestinal sjTnptoms and signs of the celiac 
syndrome, the former tending to pre- 
dominate under 1 year of age and the 
latter over 1 year of age. In the neonatal 
period it gives rise to the clinical entity 
called meconium ileus. The disease ap- 
pears to be congenital and not infrequently 
familial. 

Pathologicalljq the essential lesion in 
the pancreas is obstruction and dilatation 
of acini and ducts by an inspissated secre- 
tion with secondary atrophy and fibrosis. 
Associated with this is the almost constant 
finding (except in very jmung infants) of 
chronic respirator 5 ’' infection with a mild 
bronchiectasis, abscess formation in the 
lungs and bronchopneumonia. The liver 
shows marked fatty metamorphosis in 
about a third of the cases and in a small 
percentage biliary cirrhosis of a somewhat 
focal nature is present. In meconium ileus 
the pancreatic lesions are present and the 
bowel is obstructed by a thick mucilagin- 
ous meconium which is formed in the 
absence of pancreatic juices. 

Several etiological factors have been put 
forv'ard, of which only two can reason- 
ably be considered in the light of our 
present knowledge. The first is the theory 
of congenital atresia which postulates that 
there is a congenital atresia or stenosis of 
the pancreatic ducts, or failure of normal 
development of the pancreas. Atresia is 
more common in meconium ileus and 
unquestionably accounts for a certain 
number of cases in older children. With 
more detaUed and adequate examination 
of the duct system, a definite number of 
cases will undoubtedly be isolated from 


the group and placed in their proper 
etiological relationship. However, a larger 
proportion of cases appear (and one uses 
this word advisedly) to be due to an in- 
trinsic obstruction, probably commencing 
in the acinar area which may be due to 
an unknovTi congenital defect in the func- 
tion of the pancreatic acinar cells them- 
selves, resulting in an unusually thick 
secretion. This theor}-, developed by 
Farber, is most important but lacks ade- 
quate proof. He believes, in addition, 
that there is a widespread involvement of 
variable degree, of other mucus secreting 
structures in the body as shown by the 
change in the physical character of the 
mucus produced. There may be either a 
deficiencj' or insufficiency of mucinase 
required for the maintenance of secretions 
in the normal state. The tjqoe of secretion 
present is reminiscent of the results of 
vagal stimulation. Neither Farber’s his- 
tological findings nor his experimental 
work have as yet been confirmed. 

The possibilities of furtlier studies on 
fibrocystic disease of the pancreas are 
almost unlimited. Detailed and careful 
pathologic studies alone would be useful 
in clarifying many obscure points, while 
there is a wide scope for experimental 
work in the pathologic physiology. Fi- 
nally, it may be stated that in spite of the 
spate of literature in the last 8 years, the 
great progress in diagnosis, and tlie slight 
progress in treatment of this disease, the 
etiology is not knowm and in particular 
the relationship of the pancreatic and 
lung lesions has not been elucidated. 
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Congenital Anomalies Following Ru- cataract were observed in Sydney. lYhen 
bella. In the earlt’ months of 1941,* an tliey continued to appear, in numbers 
unusual number of cases of congenital indicative of no chance phenomenon, scri- 

* In 19-iO the Medical Journal of Edinburgh carried an editorial, not to call attention to anythins 
new about rubella, but only to celebrate the 100th anniversary' of the appearance in "The Journal 
of the first description of the disease “in our language."*- The editorial opens. “German inca?Ic.s has 
been in the news of late, and we hear of medical officers of health, headmasters, headmistresses, ami 
others clamoring to have it deprived of . . . its place as a notifiable disease and relegated^ to the 
limbo of minor e.'canthemata ... a nuisance rather than an illness." The identity of “Rhtheln 
had already been established in the German literature and Dr. Robert Patterson of the City of Leith, 
being convinced from many' cases “-which lately prevailed in this neighborhood that it possesses char- 
acters peculiarly its own,” was induced to present a comparison with measles and scarlet fever ii* tabular 
form, and the clinical aspects of the disease quaintly captured in his phrase that “the little patients are 
observed to draw nearer the fire.” The editorial concludes that "little seems to have been added in the 
intervening hundred y'ears,” a statement borne out by reference to almost any' te-xt witten up to vntliin 
very' recent years where the disease is quickly dismissed as of no consequence in itself and without 
complications or sequelce. 

If "little seems to Iiavc been added in the intervening hundred years," the editorial commemorating 
the centenary of Patterson's description of the disease set the stage, as it were, for events to come M lfhin 
the next few months, in the first year of the second century, which dramatically removed rubella from the 
“limbo of minor exanthemata." Its role as a “nuisance rather than an illness” was unmasked by a 
group of Australian investigators -whose clinical acumen and epidemiological insight no doubt would 
be applauded by Patterson himself, and -will be celebrated in 2041 by another editorial in the illustrious 
Journal. , 

Rubella now takes its place as one of that group of diseases -where infection in the many is triMal. 
but where sequela: in the few constitute major problems of epidemiology and preventive medicine. A* 
if to outdo its fellows, and to elude medical science, rubella is so mild and its sequela: so severe that any 
connection bet-ween tlicm would hardly be suspected. To cover its tracks, unlike poliomyciitb with ds 
paralysis on the third day and the mastoid or pneumonia on the heels of the rash in mcaslc.s, it put so 
much distance between itself and its sequel — at least several months, and into the next generation— 
that it was not detected until with epidemiologic overconfidence from a long period of quietly “getting 
away with it,” so to speak, it tried to make up for lost time with its “ virgin soil " outbreak in .-lustniba. 
This circumstance related to us by Burnet on his visit to this country in 1944,* is summarized by Schoh's 
as follows: “During the past 35 years the first large epidemic of rubella occurred in 1914, the next m 
1923 and the last in 1937. The 1937 outbreak spread to all states, but had not died out in remote •b” 
tricts when -war broke out in 1939. In that year, with the mass movements of young people from state 
to state and from country districts, the disease became epidemic, sweeping through the whole country 
and wave,- had recurred until fairly recently. Between 1923 and 1937 there -ivas no opportunity for 
anyone to contract rubella and from 1937 to 15^12 there was every' opportunity, the va.st majority o 
young adults and women of child-bearing age being susceptible.”** 

Finally, as if to shield it.-clf from mcrlical intrusion, rubella selected as its channel of operation a 
condition Ica.st likely to lx: interfered with in the interest of prevention, for jircgnancy is so domin.ater 
by rcligiou!. moral, emotional and legal consideration*-, that its purely medical a.<-pccts may be .ceromlaiy 
to them. Indeed at timc' they have been taken into eon'-idcration only insofar a* they afforded a na-i- 
for some action dictated by these other attitudes. The Pilgrims, for example, wliosc major epidemiologic 
pursuit seem- to have liocn the search for sin, and -who believed the period of gestation wa* 9 mont . 
to the day. sent many a young couple to the stocks "for having a childo before the natural time o 
-woman after marriage.” 
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ous thought was given to their causa- 
tion.'®“’'^'’’’'’'= Their almost epidemic oc- 
currence, their ophthalmologic character- 
istics and their association with congenital 
heart disease suggested to Gregg that the 
etiology was a constitutional, toxic, or 
infectious disturbance in the fetus, rather 
than a purely developmental defect. Cal- 
culations relative to the stage of preg- 
nancy, when the congenital anomalies 
must have originated, showed that it coin- 
cided with the period of maximum in- 
tensity of a widespread epidemic of 
ru,bella. Gregg collected 78 instances of 
congenital defects, the basis for which 
was found to lie in maternal rubella during 
pregnancy. His reports Avere confirmed 
and the investigation extended Ijy Swan 
and co-Avorkers.'"“'''*^ 

Types of Congenital Anomalies. The 
special ophthalmologic features were cat- 
aract, usually bilateral, and of a subtotal 
type associated ivith nystagmus and a 
sluggish pupillary reaction to light; in 
some cases, an atrophic appearance of the 
iris; and rarely microphthalmia and buph- 
thalmia. 

On histologic examination, Swaid® found 
the ])criphcral lens fibers showed evidence 
of degeneration or necrosis, and were 
separated by vacuoles, while the central 
core was amorphous in appearance. 

The cardiac manifestations were a harsh 
systolic murmur over the precordium, 
usually loudest over the base of the heart 
or pulmonic area, and absence of cyanosis. 
In each of 3 afflicted infants autopsied by 
Swan,^“ the ductus arteriosus Avas Avidely 
latent, there Avas A'ariable patency of the 


foramen oattIc, and 1 baby had an inter- 
A'entricular septal defect. As regards mal- 
formations of the heart Sivan quotes 
Bedford and BroAAm® aa'Iio state that "the 
critical period for the development of 
congenital cardiac defects is from the fifth 
to the eighth Aveek of intrauterine life, 
during Aidiich the septa are forming, the 
bulbus cordis is undergoing inA'olution, 
and torsion of the great A^essels is taking 
place.” Subsequently, other forms of con- 
genital heart disease accompanied by 
cyanosis haA'e been reported. 

Green and Dogramaci’® Avho revieAved 
the records of 434 children studied at the 
Children’s Ho.spital, Boston, for congenital 
heart disease, found a history of maternal 
rubella in 4 instances and exposure of a 
susceptible mother in 1 instance. Thej" 
presented data as shoAvn in Table 1. 

Assuming that there had been 100% 
accuracy in diagnosis and reporting of the 
disease (in the hospital records), the in- 
ference AA’ould be that rubella Avas the 
etiologic agent in approximately 1 % of 
all types of congenital heart disease. It 
is reasonable to conclude that reliance on 
hospital records alone Avould result in the 
loss of many cases in Avhich the infection 
had been regarded as trivial, forgotten 
or merely overlooked, and that the true 
figure Avill eventually be shoAvn to be sub- 
stantially higher. That this Avill prove to 
be the case, is also suggested by the Avork 
of Conte and co-Avorkers® Aidio surveyed 
the records of all congenital anomalies at 
the Vanderbilt Uni\-ersity Hospital. Of 
120 anomalies there Avere 4 cases of con- 
genital heart disease in Avhich maternal 
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rubella appeared to be the inciting agent. 
The incidence in this series would be 
around 4%, since other anomalies as well 
as heart disease are included. The higher 
figure is to be attributed to additional in- 
formation obtained by a questioimaire 
mailed direct to all mothers. 

In addition to the malformations enu- 
merated above, deaf-mutism has been 
reported by Swan and his co-workers'*^"-^** 
in a total of 12 out of 43 children born to 
mothers who suffered from rubella dirring 
pregnancy. Some form of deafness was 
noted by Carruthers® in 74 out of 102 such 
cases. Muteness when present was re- 
garded as secondary to deafness. In an 
autopsied case, the outstanding defect was 
the total absence in both ears of any dif- 
ferentiation of the primitive cells to form 
the organ of Corti."*® 

Evans*® found that of 34 babies whose 
mothers suffered during pregnancy from 
rubella, 23 e.vhibited congenital dental 
abnormalities, in 18 cases major in nature, 
such as “sharklike” and “pointed” in- 
cisors and enamel hypoplasias. All except 
2 of the infants showed other congenital 
malformations. 

Finally, it was rioted that most of the 
babies were of small size, ill-nourished, and 
difficult to feed. No less than 15 of tlie 
78 patients studied by the Australian 
workers were dead by the end of 1943, 
and many of tliose living showed mental 
as well as physical retardation. 

These reports have been confirmed in 
this country by Reese,®® Rones,®* Erick- 
son,** and Albaugh,* who add IS more 
cases to the literature. 

Stage of Pregnancy. The combined 
work of the authors cited indicates that 
the average period of the pregnancy when 
rubella occurred was as follows: 

For cataract . . . . C weeks 
For deafncjs . . .9 weeks 

For cardiac anomalies 5-10 weeks 

For defornKKl teetli . 0-9 weeks 

Carruthers, however, felt tliat although 
the average date was of some significance, 
“ the importance of the stage of pregnancy 
at whicli infection occurs is that, if it is 


in the first 6 weeks, fetal damage may be 
widespread and include the eyes, both 
divisions of the ears, the heart, and per- 
haps many other parts. After tlie si-xth 
week, the eyes may escape, the heart may 
be spared, and the semi-circular canals 
may become normally developed; but tlie 
cochlea is still likely to be damaged.” No 
correlation could be established between 
the clinical intensity of the maternal infec- 
tion and residual fetal damage. There 
would be no reason for doubting tliat the 
disease in question was rubella, or that 
the syndromes produced were new, except 
as they were newly recognized. Chandler* 
is of the opinion, how-ever, that the result- 
ing type of congenital cataract is seen 
more frequently now tlian formerly. It 
is not knowm to what extent tliis incre.ase 
may be accounted for by tlie better prac- 
tice of obstetrics and pediatrics wliidi 
now bring to term more pregnancies wliicli 
result in a living babj'. This seems to be 
the case in retrolental fibroplasia, described 
by Terry.*® 

Frequency of Anomalies. Slost of 
the earlier studies have started with cases 
of congenital defects of the sort described. 
The finding of maternal rubella in a high 
percentage of the cases has been inter- 
preted by some as indicating tliat the 
defects always follow' the infection. For 
example, it has been stated that “avail- 
able data would suggest tliat 100% of 
the mothers who contract rubella in the 
first 2 montlis, and approximately 50% 
of those who contract it during the third 
montli, will give birth to infants with 
congenital anomalies.”* As pointed out 
by Albaugh, many questions have been 
raised which will require for their answers 
extensive epidemiologic studies. An edi- 
torial in the Lancet in Februarj", 1910)’^ 
states that "It is four years since Gregg 
in Sydney reported that congenital mal- 
formations . . . were occurring in 
fants whose mothers had had German 
measles early in pregnancy . • • 
nobody seems to have taken the few 
simple steps needed to find out whether 
rubella is a serious cause of congenital 
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defects ...” The only study which 
represents an adequate attempt to deter- 
mine the numerical probability of con- 
genial anomalies following rubella during 
pregnancy is that of Fo.v and Bortin.^^ 
TJiey found that of 152 married women 
who contracted rubella during 1942, 1943 
and 1944, 11 had rubella during preg- 
nancy; 5 during the first 2 montlis, 4 
during the second to the fourth month, 
1 in the seventh, and 1 in the ninth raontli. 
They found only 1 of 11 cases (rubella 
in the first month of pregnanejO which 
“evidenced a pathologic course.” The 
child in this case was stillborn. However, 
they present a second instance (rubella 
in the second montli of pregnancy) in 
which the outcome was a “blue baby, 
sinus disease, otitis media, hydrocephalus 
(which receded spontaneously), perfectly' 
normal at present.” 

Approaching the problem by the same 
method, we have investigated 1300 cases 
reported to Boards of Health of 2 JMassa- 
chusetts communities for instances of 
rubella in pregnancy, and liave found 4 
as follows: 

I.onp'tli of proRrmnoy 
Cn'-c before rubella 

1 2d month 

2 2(i month 

a ‘Ith montli 

•1 9th month (12 days 

nntepartem) 

If these 4 cases are added to the 11 
cases reported by Fox and Bortin, there 
jire 15 instances of rubella in pregnancy 
where data on the outcome are available. 
The disease occurred in the first 3 months 
of pregnancy in 11, with S normid and 3 
abnormal babies resulting; 1 infant with 
spontaneously subsiding hydrocephalus, 
1 mentally retarded child, 1 stillborn in- 
fant, and S normal infants. Four cases 
occurring from the fourtli to ninth month 
all resulted in normal babies. 


In this small series, the morbidity in 
the baby is 27 %, wlien the disease occurred 
in tlie first 3 months of pregnancy. 

That a study based on cases reported to 
Health Departments may represent an 
incomplete picture of this phase of the 
problem, may be seen from the following 
cases found in the course of this study, in 
onlj’' one of which had the rubella in the 
mother been reported. 

To these 5 can be added 2 of our cases in 
which spontaneous abortion resulted. 

Thus, on the basis of admittedly incom- 
plete data, it would appear that the risk 
of anomalies in the infant may be upwards 
of 25% following rubella during tlie first 
3 months of pregnancy. Whatever the 
final incidence turns out to be, it will be 
sufficiently liigh as to constitute a prob- 
lem of a very serious nature to the parents 
concerned and their obstetrician. Avail- 
able data do indicate that the first 3 
months of gestation is by far the most 
vulnerable period. Of 100 cases reported 
by Carruthers, Swan, Erickson, Reese, 
Rones, Green, Albaugh and Kraus,*® 94 % 
of the motliers were recorded as having 
suffered the infection during the first 3 
months (Table 3). 

Abortions AiVd Stillbirths. Nowlicre 
in tlie literature, e.xcept for Fox’s mention 
of a stillborn baby following maternal 
rubella, liave we found mention of the 
possibility tliat death of the fetus and 
spontaneous abortion may result. That 
this may occur is suggested by 4 cases of 
which we have personal knowledge (Table 
4). 

Congenital Anomalies and Other Ma- 
ternal Diseases. No studies have appeared 
with respect to congenital defects follow- 
ing other maternal infections, but 3 in- 
stances of such defects, 1 following chicken 
pox, 1 poliomyelitis, and 1 influenza, have 
recently been observed in Massacliusetts. 
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Mann®^ has expressed the opinion that 
anomalies may follow other infections, and 
Swan‘“’ has postulated that more severe 
virus infections, such as rubeola, may kill 
tlie fetus, whereas the milder rubella 
merely damages the surviving fetus. 
Lynctf^ has called attention to the high 
mortality of the fetus in maternal measles 
and smallpox. 

The established relationship between 
maternal rubella and congenital anomalies, 
together with these observations of anoma- 
lies following other maternal illnesses, 
raises the question to what extent maternal 
disease in general may represent a prin- 
ciple in the etiology of congenital anoma- 
lies — heredity, for example, being another. 

Poliomyelitis. In the course of a study 
of poliomyelitis in pregnancy from other 
points of view-‘ records have been col- 
lected concerning 264 cases. Of these, 
some statement concerning the infant is 
given in 131. In Table 2 the outcome of 
the pregnancy is shown according to the 


month of pregnancy during which the 
mother contracted poliomyelitis. Cases 
where the mother died of the disease with 
the fetus m uicro are not included. Preg- 
nancy terminated or resulted in a dead 
fetus in tlie 2 cases in the first month, in 
the majority of cases in the second month, 
and in 5 of the 10 cases in tlie third month. 
Thereafter the outcome was, as a rule, a 
normal child if the report “normal de- 
livery” can be so interpreted. In 3 in 
stances (second, third and seventh months) 
there were defects in the infants Avhile in 
3 others (ninth month) tlie infant was 
reported to have suffered from poliomye- 
litis. The evidence suggests that the risk 
to the fetus in maternal poliomyelitis is, 
as in German measles, high if the disease 
occurs in the first 3 months of pregnancy 
and less in later months. It is not clear, 
however, to what extent the hazard to 
the fetus may be the result of paralysis 
in the mother. 

hloNGOLisM. Ingalls and Davies-' are 


T.^.ble 2.— Coxgemtal Defects Following M.aternal Rubella bv Month or Preo.vincy 
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30 42 22 5 1 

Table 3. — Poliomyelitis in Piiegnancy: Outcome With Refere.vce to Infa.vt by Month 
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collecting clinical data on prenatal disease 
in relation to mongolism. A preliminary 
survey reveals the following 5 instances of 
intel-currcnt disease among 50 mothers 
who subsequently gave birth to a mon- 
golian idiot. 


Intcrcurrcnt 


StaRC of pregnancy 


"Flu” 

Rubella 

Munips^ 

Mastoidectomy 
Pleurisy — in bed 3 weeks 


2 months 
2 months 
2 months 
2 months 
"in 3d month” 


* Patient of Dr. Rich.ard Tefit. 


In iiddition, in this survey they noted the 
following possibly relevant findings: 3 


provocative. In addition, this finding is 
even more interesting in consideration of 
associated congenital anomalies other than 
primary raongolian stigmata (which in- 
cluded 12 instances of deformed little 
fingers) as follows: imperforate anus, 3 
cases; webbing of the fingers, webbing of 
the toes, and cleft palate, 1 instance of 
each. Tlie correlation of these deformities 
with the formation of these particular 
structures at about the eighth week of 
fetal life is noteworthy. Ladd and Gross 
state that “membranous imperforate anus 
results from a persistence of the anal 
membrane, an arrest at about the eighth 
week.”^® 


Taulf. 4.— Rtmi:u.A i.v Rnr.ATiOK to 4 Cases of AnonTio-s' a.vd STii.i.Dnmi 


Length of prognimcj- 
Cnse before ruhclhi 

1 8 weeks 

2 . 10 weeks 

3 . . Uncertain 

4 , 4 weeks 


E'ltimatcd de.ath 
of the feUis 

0 monlh.s 
SJ months 
Uncertain 
Immediate 


Heinorrhage before 
rlclivery 

2 weeks 
1 week 
None 
None 


Delivery of 
dead fetus 

S months 
0 months 
9 months 
0 weeks 


mothers were respectively noted in hos- 
pital records as being “sick throughout 
entire 0 months,'’ “continual^'- vomiting,” 
and “ sick all 9 months, nausea and vomit- 
ing, pain in the right side— hemorrhaged 
before delivery.” A fourth had “grippe” 
during the si.xth month, a fifth an “afebrile 
rash, hist trimester,” and a si.\th was an 
undoubted alcoholic. A seventh mother 
hitd a eholecy.stcctomy between a second 
pregnauey (normal) and a third (still- 
born), followed by a fourth pregnancy 
(mongolian). One mother with S normal 
children had a ninth (miscarriage at 3 
months), followed by a tenth pregnancy 
(mongolian). In this case there was “})ink 
staining at the time of period, second 
month.” Of 50 mongols then, there were 
5 instance.s when a si)ccific, relatively in- 
cisive maternal illness was present at the 
eighth week of gestation, and 5 others in 
which a more chronic maternal disorder 
included the eighth week of fetal life. 

'Flu' number of cases in which there 
was intercurrent viiscase. may not be sig- 
nificant in itself, but the tendency to 
localisation of the particular maternal dis- 
ease at a specific stagi' of pregnancy is 


According to Gray “the limbs begin to 
make their appeanincc in the fourth week 
as small elevations or buds at the side of 
the trunk. The axial part of the mesoderm 
of the limb-bend becomes condensed and 
converted into its cartilagcnous skeleton. 
By the sixth week the three chief divisions 
of the limbs are marked ofl' by furrows — 
the upper into arm, forearm, and hand; 
the lower into thigh, leg, and foot.” In 
the phalanges ossification begins in the 
body about the eighth week. And again, 
“the deformity known as cleft palate re- 
sults from a non-union of the palatal pro- 
cess.” “The union . . . commences in 
front, the premaxillary and palatal pro- 
cesses joining in the eighth week, while 
the region of the future hard palate is 
completed by the ninth.” 

Ingalls®® is making a further analy.^is of 
mongolism from the point of view of its 
cmbryologic development. 

Rubella — General Considerations. Ru- 
bella now take.^ on the status of a disease 
worthy of the best in diagno^is, reporting, 
treatment, prevention and rc.search. With 
this in mind, a recnn.-idcration of the 
disease is presente<l. 



372 


PROGRESS OF ^IIEDICAL SCIENCE 


CuxiCAL iVliMFESTATioxs. Rubella is 
a mild, infectious, self-limited disease, 
ostensibly of the upper respiratory tract, 
though as is now ob\nous, of a constitu- 
tional natiu-e. Its clinical importance lies 
in its rare complications. These include 
secondary infections, encephalitis, neu- 
ritis, and now the fetal disturbances al- 
ready mentioned, and even death. 

The infectious agent is a filterable virus, 
and filtered nasopharjuigeal washings give 
rise to the infection in susceptible human 
beings upon subcutaneous injection.- The 
virus particles are demonstrable by fluor- 
escent microscopy in nasal and pharyngeal 
washings, in blood and in blister fluid of 
infected patients.®® HabeP® has inoculated 
macacus rhesus monkeys subcutaneouslj'-, 
intraperitoneally, intranasall}’’, and intra- 
venousl}’’, with the subsequent develop- 
ment of a mild infection characterized by 
a leukopenia, relative ljTnphoc.\"tosis and 
fever (average .5° C.), followed by a “very 
light scattered macular rash on the face, 
abdomen and thighs, starting about the 
eleventh day, and followed by desquama- 
tion.” He was also successful in culturing 
the virus on the chorio-allantoic mem- 
brane of the chick embryo in 2 of 4 at- 
tempts. 

The natural incubation period for man 
is generally considered “14 to 21 days; 
usually about 16 days.”® In an outbreak 
of rubella in a boys’ boarding school^® 
100 of the 106 cases in the first wave fol- 


lowed the initial case by 15 to 23 da\-s 
(i. c., 18=i=3 days from rash to rash). Peak 
incidence occurred at IS days, and there 
were just IS days between tlie tlieoretical 
peak of this primary wave, and the peak 
incidence of a subsequent secondary wave 
(Chart 1). Thus the interval between 
cases when it can be established is suf- 
ficiently distinct from that of measles, for 
example, to be used in differential diag- 
nosis. 

The prodromal stage is ordinarily 12 to 
24 hours though it may be prolonged 
beyond tliis period and is often cliaractcr- 
ized by the development of mild “grippy” 
malaise, coryza and conjunctivitis, to- 
gether with enlargement of the post- 
auricular nodes. In a series of 305 cases, 


Humphrey'®'* found that “tlie most con- 
stant symptom was post-auricular aden- 
opathy.” 

However, it must be stressed that con- 
stitutional sj'mptoms may be slight and 
in scliool epidemics it has been observed 
tliat many infected boys may not even 


lother to come to sick call. 

Most definitions of rubella define the 
ondition as a febrile disease and Hum- 
hrey reported in his series that “the 
emperature ranged from 99° to 100^ I- 
1 the majority of cases, and remained 
levated only i or 2 days. In a few in- 
tances it rose to 101° and in still fewer 
102° or even 103°.” In Chart 2 the 

on hnVS 


mnornf iirA 





Cn^fiT 1. — Boardincr school o’jtbrr:iV of niWIa, indicating: interval l>’tKCcn flvrrarinr 

measured from radi to ra^h. 
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selected at random are shovm. Tliey are 
superimposed in groups of 5, and roughly 
grouped according to whether the tem- 
peratures are subnormal, normal, elevated 
but with a quick return toward normal, 
and elevated with a slower return toward 
normal. There appears to be no character- 
istic curve and many curves are afebrile, 
or even subnormal throughout the entire 
course of the disease. 


DAY OF DISEASE 



abdomen, and e.vtremities. Occasionally 
the macules w’ill be as large as a pea, 
rose-red or darker, and may coalesce. 

If the characteristics of the disease cited 
above appear to give the impression that 
rubella is difficult to diagnose, it is per- 
haps well to emphasize at this point that 
the ordinary case is readily diagnosable 
and easily'' differentiated from measles and 
scarlatina. The e.xceptional case could be 


DAY OF DISEASE 





Cir.vnT 2.— Tompcmturc curves ob«crvccl in 20 ca<scs of rubella arranRccl roughly according to tj-pe. 


The mucous membranes of the naso- 
pharyn.x arc typically injected, though 
there is no true enanthem. The bulbar 
conjunctiva! arc suffused so that the white 
of the eye is more generally pink than 
inflamefl as in measles. The c.xanthcm 
fleveioping at the end of the prodromal 
.stage is ordinarily manifestctl as a fine 
rose-pink niaculopapular “pin point” 
rash, usually beginning on the face and 
becoming prominent over the trunk. 


perhaps more easily confused witli a drug 
rash, particularly if the patient had taken 
a barbiturate during tlie prodromal period, 
and tliere were no liistory of e.xposurc. 

On the other hand, it must be admitted 
tliat none of thesigns arc pathognomonic or 
always present. Habel produced infection 
in monkeys from the nasopharyngeal wash- 
ings of a 4 year old boy iii a physician’s 
family, who was definitely exposed to 
nibclla for 3 consecutive days. 17 days 
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prior to the development of “fever, 
malaise, and slight rhinitis followed by 
posterior cer\dcal lymphadenopathy,” yet 
tlie child never exliibited a rash. Floy- 
strup'® also reported the “.inapparent” 
infection (7. c., wit^iout rash) of his omi 
son, 2 weeks following exposure to rubella. 
Two weeks later the boy’s brotlier devel- 
oped the typical picture. The value of 
accurate knowledge of the incubation 
period, and tlie dates of e.vposure in such 
circumstances is apparent. 

Hynes-® made leukocyte counts on 37 
males, 15 to 39 years old, and on 24 
females, 18 to 45, during tlie first 2 weeks 
of the disease. He found that a leukopenia 
was the rule at the onset, with tlie leuko- 
c^-te count rising to the upper limit of 
normal by tlie tenth day. At tlie onset, 
half the patients had an absolute neutro- 
penia, which gradually became corrected. 
Tiiere was also an absolute lymphopenia 
at the onset, but an absolute lymphocy- 
tosis after the fifth day. Tiirk cells were 
always present and commonly numerous, 
and reached their maximum about the 
fourth day. Plasma cells were present in 
a half to two-thirds of the patients during 
the first week. The sedimentation rate 
was usually normal. 

British authors lay much stress on tlie 
finding of Turk cells in tlie blood smear, 
though it is Diamond’s opinion” that such 
findings being non-specific would be of no 
decisive aid in diagnosis. It is apparent 
that no adjunct to correct diagnosis should 
be omitted when rubella occurs during 
pregnancy. Careful search for possible 
exposure IS— 3 days before the rash, care- 
ful examination, prompt consultation be- 
fore the rash disappears when the liistory 
or signs are equivocal, arc the obviously 
indicaterl procedures. .Advances in virol- 
ogy, and serological tests are much needed 
for aid in diagnosis in such cases. 

Co-MPUCATiox.s. Sccondarii lufcclion. It 
might be expected that a constitutional 
virus infection, involving the mucous 
membranes of the upper rc.spiraton' tract, 
would have secondary infections such as 
mastoiditis, sinusitis, and the like. Such 


does not seem to be tlie fact. AYessellioeft 
after long e.xperience with contagious 
disease believes rubella to differ strikingly 
from measles in this respect.” The Na- 
tional Research Council” mentions no such 
complications among its 1500 reported 
cases 

Secondary infections are, however, occa- 
sionally to be reckoned witli. Thus in 
Humplirey’s experience-^ witli 305 cases 
occurring among institutionalized children, 
5% developed tonsillitis, another 0 % de- 
veloped non-suppurative adenopathy, 1 Cr 
suppurative adenopathy, and 1% otitis 
media. 

One of us has seen 5 patients in the 
post-eruptive stage of rubella contract the 
typical angina and exantliem of scarlet 
fever. This occurred on a troopship when 
a patient immune to rubella, sulTering 
from a streptococcal ulcer of tlie leg, was 
moved into the sick bay witli rubella 
patients because of lack of space elsewhere. 
In view of the relative rarity of secondary 
infection, their variety and the circum- 
stances under which some of tlicm occurred 
it is a question whether these instances 
represent actual “complications" or mere- 
ly coincident infections. 

Neuritis. There are rare reports in the 
literature-'"® of what has been diagnosed 
clinically as “neuritis” appearing 3 to G 
day’s after the appearance of the rash. 
Pain, numbness or paresthesias of the 
wTists, shoulders, fingers, hands or ankles, 
has been complained of by the patient, 
and in about half tlie cases transient motor 
weakness was detected. In 4 such patients 
wliere the age is given the average was 32. 
There is some suggestion that the phenom- 
enon was “artliritic” because of joint 
involvement and swelling, rather than a 
true neuritis. The ca.scs were seen in 
general practice and no one lias reported 
the condition in school epidemics. 5\c 
have encountered one such ca.se with 
“rheumatic” pufiiness of wrists and nnkle.-i 
for a week following rubella. 

Encephalitis. Margolis, 5Mi.-on and 
Top” estimated that encephalitis occurs 
in approximately 1 out of GOOO c.t-i-t oi 
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rubella. Patients with this complication 
exhibit the non-specific signs of encephali- 
tis: headache, vomiting, stiff neck, fever, 
reflex or speech changes, and the like. 
The authors note that “the leukopenia 
of rubella becomes a leukocytosis with the 
onset of encephalitis.” Severe and per- 
sistent convulsions characterized the 
course of their 4 fatal cases, and were 
encountered in 4 of their 10 patients who 
recovered. The course, whether mild or 
severe, was found to be short, and death 
when it occurred {20.8% fatality rate) 
was within 3 days of the onset of encephali- 
tic signs. These occurred “with striking 
consistency 4 days after the onset of the 
disease.” They further note that onlj-^ 
1 of the 34 previously reported cases in 
the literature developed persisting sequela; 
—ataxia, of all the extremities, tremor of 
the right hand and partial facial paralysis. 
These symptoms cleared in 2 months. One 
of the authors’ cases had similar persisting 
signs 4 months after onset. 

There does not appear to be any special 
predilection of encephalitis for any one 
age group. Encephalitis is not mentioned 
as having been encountered in the more 
than 1500 case.s studied by the British 
Medical Research Council in boarding 
schools. 

RKCinjDEscENcES. Tlic great majority 
of rctmrrent attacks follow shortly in the 
wake of the first. Thus in an ei)idemic 
reported by Humphrey*^ 19 patients (G %) 
had rccrudoscent attacks Avhich occurred 
from 12 to 41 d.ays after the onset of the 
finst attack. He states “ that in our opinion 
there can be no question concerning the 
diagnosis. In such instances . . . the 
child went through the original course of 
the disease without complication, and then 
later a secoiul course with similar symp- 
toms, except tluit in 3 comjflication.s de- 
veloped. . . . The rash was typical and 
generalized in both of the attacks. It was 
observed that in general the second attack 
was of shorter duration and was milder. 
It .'ihould be nottMl that there wa.s oppor- 
tunity in the institution for rc-exposure.” 


He concluded that “the large number of 
second attacks suggests that immunity in 
rubella may not develop for about 3 weeks 
after onset.” The average interval c.xclud- 
ing the 1 case with a 41-day intervening 
period, was 26 days. 

In one outbreak of 65 cases brought to 
our attention, one recrudescent attack oc- 
curred following the primary by an inter- 
val of IS days. 

Second Attacks. Bona fide second 
attacks of rubella appear to be rare. That 
they do occur is suggested by the National 
Research Council’s statement that “in 4 
pairs of epidemics analyzed in detail, 2 
boys at school N.B. were athicked in both 
epidemics, the diagnosis being made by 
the same school medical officer.” How- 
ever, physieians, nurses and parents are 
continuously being re-exposed without 
contracting the disease for a second time 
and the very nature of the epidemiologic 
curves which are presented here show that 
immunity is essentially lifelong. It is 
probable that the recrudescent cases de- 
scribed above account for the widespread 
impression that rubella is readily con- 
tracted for a second time. Misdiagnosed 
cases and misinformation add to the con- 
fusion on this point. Thus the National 
Research Council finds that “ in 9 analyzed 
epidemics among boys and in 3 among 
girls, the attack rate on so-called immunes 
was over 10%,” However, the Council 
doubted that “error can account entirely 
for this phenomenon.” 

Inapparent Attacks. There is some 
evidence that a susceptible individual may 
acquire immunity to rubella without ap- 
parent clinical signs. The National Re- 
search Council notes that “ in one school, 
out of .539 boys not attacked in 1932 when 
the attack rate was 17.1%, ,330 were still 
in school in 1933 when there was .a second 
outbreak. None of these boys was attacked 
in the second outbreak, whereas 20.4% 
of the boys exposed for the first time 
contracted] rubella. Perhaps the true ex- 
planation lies in the e;ise with which mild 
clinical signs may be overlooktdl. 
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Eubella — Epidemiology.* In view* of 
the long-held attitude toward German 
measles as a “nuisance rather than a 
disease/’ it is not surprising that little 
information is to be found which affords 
much of a conception of the epidemiologic 
beha^^or of the disease. Beyond the fact 
that it is obviously of a contagious nature, 
data have not been assembled which 
establish even such general features as the 
extent of occurrence of the disease, its 


forms an epidemiologic pattern sufficient 
to stamp it as one of “tlie immunizing 
infections of childhood” of the same mag- 
nitude as measles. In Chart 3 is shown 
the reported incidence of the disease in 
Jlassachusetts from 1917 to 1915 by years 
and by months. There is a fairly regular 
periodicity differing from measles in that 
high prevalence tends to e.xtend over 
periods of 2 or 3 years in sharp contrast 
with tlie intervening low prevalence of 



Chart 3. — Reported incidence of rubella by j-ears and by months in Massachu'-etts. 


age distribution, urban-rural behavior, 
duration of immunity, etc. But on read- 
ing the foregoing discussion on incubation 
period, recrudescences, second attacks and 
inapparent attacks, one is struck by the 
similarities to measles. From data pre- 
sented here, it would be c.xpected that 
equally complete reporting and study 
would reveal an epidemiologic pattern in 
Gorman measles not unlike tliat of measles. 

There are many indications that the 
reporting of Gennan measles is for appar- 
ent reasons highly deficient. Xonetheless 
the reported occurrence of the disease 


2, 3 or 4 years’ duration. This is seen in 
the seasonal curve, simitar to that of 
measles, excepting that during the periods 
of high prevalence the disease remains at 
distinctly Jiigh levels in the “off se.'ison. 
Not only these general features but the 
fact tliat in the highest years the reported 
cases of German measles attain the .same 
proportiona.s thehighest ye-arsofnieaslesH 
especially suggc-stive of an extent of .spread 
in German measles similar to tliat in mea- 
sles. I n lower years the fact that ca-w run 
only about one-tenth tho?e of inea'-k-. i^ Ik'- 
lievctl to he due to deficienry in re|wrting-. 


• \\> nre indebtevi tn the Divi-ior. of CoromiinicaUc Dbcase*. St-itc Department tif IfevUh cf Mt*' -• 
chU'Ptt.* for cpsdctniofosjc data on rubella, and to Mka Kathanr.i' H. Htndrie for arualy"!^ of it- 











378 


PROGRESS OF ilEDICAL SCIEXCE 


Age .VXD Sex DisTRiBxmox. The per- 
centage age distribution of rubella in 
i\Iassachusetts in 1943 for seven largest 
cities and for toirns under 5000 are shown 
in Chart 4. The occurrence of the disease 
at a somewhat older age in smaller popula- 
tions is characteristic of the “immunizing 
infections of childhood.” 

In both the urban and rural population 
the reported cases in females become in- 
creasingly greater in tlie older age groups 
(Chart 5). To what e.xtent the e.xcess in 
females in the older age groups may be 
due to better reporting by reason of the 
fact that females are in the home and are 
reported along witli smaller children or 
to what extent there is greater e.xposure 
to children as suggested by Pope’s^ study 
of secondary attack rates in scarlet fever 
is not known. In tlie present connection, 
the point of interest is the fact that about 
14 % of female cases and about S% of all 
cases are in females of child-bearing age. 


Finally it might be stated that there is 
no seasonal differential between German 
measles and measles. The curves of 
seasonal pre\’alence are closely similar. 

Prevention of Anomalies. At the present 
time the only positive measure is deliberate 
e.xposure before the child-bearing period. 
It would seem undesirable to prevent the 
naturally occurring infection among young 
people when their mothers, if susceptible, 
were not pregnant; and in females actually 
to seek e.xposure if they have not con- 
tracted tlie disease by adolescence. It is 
possible that inoculation* with riiliella 
may be part of the pediatrician’s future 
program of preventive medicine,! just as 
is vaccination against smallpox. Such a 
possibility awaits the development of suit- 
able techniques. There is a mortality to 
be reckoned wifh;| something in the 
order of 1/30,000 to 1/100,000, but fhb 
mortality is to be found in all age groiip-s 
and the menace that the disease hold.'; 


* If it took 100 years to uncover the severe sequelse of nibclla, oddl.v enoupli vo may liave fo ro toft 
100 years to uncover a principle applicable to their prevention : namely, inoculation. Variolation, 
most intcrestinc epoch in medical history which kept Rrcater and humbler minds in fever heat mmnK 
almost one whole century,” h.as entered little, if at all, into later immunoloftic inve-stiRation,®* nlthouRti 
it c.alled forth, in its time, a unique and o.xtensive trial of a specific preventive me.asure, the loKic.i! ty>n- 
sequence of which was vaccination. Without attcmptinp to review the activities of many f^cat mcihra! 
minds of tlie day, it is interesting that they were extended to such fignre.s ns Lady Mary 11 ortley ISjoa- 
tague, Benjamin Franklin, Cotton Mather, Voltaire and Frederick the Great, not to mention the lyothcrs 
Robert and Daniel Sutton, themselves not medical men, who became specially famous for their 
cossful inoculation.” With many attempts to make it safe by preparation of the patient, .‘.uch ns the 
cooling regimen of Sydenham so that the "solids and fluids may be reduced from a greater to le's infiani- 
mability.” or modifying the inoculation by dilution .and the use of "passage" or "unripe” virus, it might 
irell have furnished an efficacious preventive measure.®' had it not been quickly supplanted by the tafe 
and practicable vaccination. It was declared a felony in England by an .-let of rarli.amcnt in b 
In the manner that the name vaccination came to designate an immunological principle, "variohauen 
ns a principle m.ay be revi%-ed (inoculation with the viru.s of mliollii) as constituting the most fcasiinc 
procedure available at the present time for the control of the disastrous .scqucl.T of ruliella. 

Variolation at fxist was a drastic procedure, and would liave tieen so even if .strains like nlastrim ha' 
lieen utilized. Its objective was to induce life long immunity by mild strains (based on crude cmpinra 
criteria) at the most propitious time and under the most propitious circumstances. Measles is anotlicr 
inevitable di'C3«c in which delifierate e\po>ure has liecn pr.acticed at times, particularly within the faniiij 
circle. The use of immune globulins perroit.s the phy.-ician to jiostpono the inevitable if the moment is 
not propitious, or to provoke a milder di-case. The possibility of inoculation of infants licforc passne 
immunity of matc.-nal origin disapiicars or the production of modified mc.asles by the combined u*c o 
globulin injection and sirtis inoculation, has not lieen explored, no doubt for the re.a«on that viru- ha' 
not lieen available. .\ fraction of the (Mpulation gix'Cs no luXtoiy of ever having contracted ruts iia. 
even after knosni exixi'Ure. It i' conceivable that such people ma.v fiax-e contractH an unrecognize' 
modified form of the di«e.aso xchile they yet {Ki—e-sed partial maternal immunity. , 

f Incidentall.v, the practice of inoculation with, or cxfiosurc to ruheUa would provide an unprccedcnw 
opfiortunity for ob-ernition on the pren’se mechnni-m of natural infection: that asfs'ct of cpidcniio-''r^ 
«hic!i has lieen le.a-t sati-fartoril.v imitated in experimental di-ca.'e in nnimaN. For example, inociihlr'.. 
or expo-tire of a group of nilunteer.' h the only »ati‘!aetor%- nay of determininy the effic-acy of pau.w 
globulin a- n prophylactic, sf.ort of extensive and lalmriou- studie- ‘urh p.s have Isien math' on me ••• ^ 
during the past decade. .V defect inherent in thi' latter tj'fie of investigation i» that the di.'Teri nt.'X. 
di.agno'is Isstwcen mrniificd me.a-le- .and rulsdla i- .so te.auous that the difTereritiatioii of a f.v.Ie.re to 
immii.aiz,'’ from modified mea-sle., could occa-ion coasiilerable confusion. 

r r.c,.’rni*tic, ' 

-.c- of t> ' 


* i'lgiire- tending to s>.r,w that the mortality i- I to f.O.fXfO may he exre*»ixe!.v i.e««;in!’tic, a- >’■ > 


probtlde th.at mast cases of ps-i-t-rufs-Ua encephalitis are reje, -t.-d nhcreas a mint,nty of c 
uncemplicattsj dr-ec.-e are thought to fe rejs.rte,!. 



PERVEKTR'E ^fEDICINE A^D EPUDEMIOLOGY 


379 


for the unborn child would be appreciably 
reduced if not eliminated. 

The only prophylactic therapy tliat can 
be proffered an exposed pregnant mother 
is immune globulin. Howev-^er, available 
clinical experience has not established its 
efficacy. Tliere have been a plumber of 
instances of evident failure of gamma 
globulin to prevent the disease. The term 
"evident failure” is used, since the dis- 
tinction between modified measles and 
rubella is not an easy one; rash, Koplik 
spots, and incubation periods all being 
altered. In one family, 2 children e.xposed 
to both measles and rubella in school 
developed a fine rash and post-auricular 
adenopathy 14 and 1.5 days after an in- 
jection (2.5 cc.) of gamma globulin. Of 
2 other children in the same family, 1 
was given gamma globulin at the time the 
first cases developed ; the other a G months 
old baby was not. Both developed typical 
rubella 15 days after the first sibling’s 
rash. The mother who had had measles 


in the past but not rubella also developed 
iji^ical rubella."* Tliere appears to be little 
reason for believing the disease in the 
tliree “failures” was modified measles. 

]Many authors have gone as far as to 
suggest that "the justification for thera- 
peutic abortion,” if rubella (or other 
exanthemata) be contracted in the first 
2 months of pregnancy, “should be de- 
bated.” Others have gone so far as to 
accept the available evidence as sufficient 
grounds for termination of the pregnancy. 

Such a far-reaching question can be 
approached with wisdom only when there 
are adequate statistical studies to e.stab- 
lish the specific ri.sks of infection at all 
stages of pregnancy. Knowledge from 
such studies would have to be interpreted 
not only in terms of actual risk of con- 
genital anomalies but as well in terms of 
the “health of the mother” in continuing 
a pregnancy with such a known risk and 
finally in terms of an informed public 
opinion. 
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Nursing in Co^L^DBRCE and Industrt. B3' 

Bethel J. JIcGrath, R.N. Pp. 355. 

New York: Commonwealth Fund, 1946. 

Price, S3.00. 

Without defining objectives, the author 
goes straight to the point indicated in the 
title and presents a manual, complete, well 
organized and delightfullj- written. As such, 
it fulfills a long felt need of nurses in mdustrj'. 
However, the book far transcends these 
limits. It holds much of interest to all 
nurses, as well as to executives in industrj', 
to the field of preventive medicine and 
public health, and to the general public, and 
also meets the need for a guide to those 
concerned with the development of he.alth 
sendees for students, staff and other per- 
sonnel in hospitals, schools of nursing and 
medicine. We note especiallj' the demo- 
cratic and thought-provoking chapter on 
relationships with emploj-ees and cmploj’er 
organizations. The question of union mem- 
bership, presented with fairness and re- 
straint, still retains its question mark; the 
Reidewer would have appreciated stronger 
support of the professional attitude. 

H. F. 


An Introduction to Essential Hyperten- 
sion. Bv Ricil\rd F. Herndon, hl.D., 
F..V.C.P.' Pp. SS; 7 ilius. Springfield, HI.: 
Thomas, 194G. Price, S2.50. 

This little book is clearh' written, with 
frequent summaries and c.xcellent illustra- 
tions. It condenses a great deal of material 
in a relativelj' small space, and hence should 
be of value to the pln'sician who wishes to 
acquire a idewpoint quickly, the pln'sician 
whom the autlior describes in the Preface 
a.s “the ordinarj- practitioner on the firing 
line of medicine.” It contains no new or 
original material, and will probabU' be of 
little use to the iifn'.-ician already' interested 
in hyjiertension. The limitation of space 
that the author hri'-- set for him.'.elf nccc-'.-i- 
tates certain omissions thrit maj- give the 
casual reader a di-torte<i view of the outlook 
for the future. J. G. 


The Venous Pulse and Its Giutraic 
Recording. B3' Franz JI. Groedel, 
jM.D., Attending Cardiologist, Beth Daritl 
Hospital. Pp. 223; 7 ills, and 290 tracings. 
New York: Brookljm IMedical Press, 
1946. Price, S5.50. 

The techniques and interpretations of 
more than a century' of investigation of 
phlebographv, pneumocardiograplw and 
esophagocardiographj' are described and 
criticized. Technical improvements of 
methods are demonstrated by many e\cc!- 
lent tracing reproductions. An e.vtcnsivp 
bibliography is proidded. This book is dif- 
ficult reading. Its evaluations are in some 
cases open to question (c/. ballistocardiog- 
raphy). The author is diffuse and rejmtitive, 
and seems to overstress the value of these 
methods in clinical investigation. C. K. 


Cosmetics .\nd Der.m.\titis. By h. 

Schwartz, M.D., and S. M. Peck, M.D.. 

U. S. Public Health Scr\'ice; Pp- 

20 ills. New York: P. B. Hobor, 1910. 

Price, $4.00. 

The authors concisely present a 
factorj’ analytical approach to skin reaction^ 
to popular cosmetics. The book cont-iin- 
several uninformative photogra]>hic illu.'-tr.i' 
tions and statements, especially in Chapter h 
such as (p. 18): “The hairs which grow in 
the nostril liavc the general character of 
cyel.ashes. They are only infrciiucntly found 
in women ; ” and (p. 19) : “ Most pcojde have 
hair on the extrcmitie.s. In childhooil trand- 
tional hair.s are found. They are later re- 
placed by tcnninal hair? like tho-c on fh'' 
body, ljut .shorter;” which tend to decre.a-e 
rather than increase the rc.ader .« interv-^ 
NevertheIc.-=, this intcre-t is fo amply n- 
wardwl in Fubrocpicnt chapter.-, th.at tl.e 
Iwok is a really valuable rontribution 1'* 
medic.al literature and should l>e rrad .an' 
re-read f)y over}' jiliyrician jiraeti-inc o'r- 
m.ato!ogy, as a sj>eci.ali-t, or giTieral pm.r- 
tilioner. 
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Essentials of General Anesthesia. B}- 
R, R. Macintosh and Freda B. Ban- 
nister, University of Oxford. Third ed. 
Pp. 334; 2,39 ills. Springfield, 111.: Charles 
C Thomas, 1945. Price not given. 

In this third edition, relativelj’’ few changes 
have been made in the text. The book is 
primarily intended for dentists, but all of 
the material presented is of interest to the 
anesthesiologist regardless of the type of 
surgerj’- contemplated. R. D. 


Current Therapies of Personality Dis- 
orders. Proceedings of the Thirty-fourth 
Annual Meeting of the American Ps3'’cho- 
pathological Association, held in 1945. Bj’- 
Bernard Glueck, M.D., Editor. Pp. 300. 
New York: Grune & Stratton, 194G. 
Price, S3.50. 

The Presidential Address was entitled: 
P.sychiatry, an Instrument of Personal and 
Social Rehabilitation. Following this were 
papers by the various collaborators under 
these captions: I, The Modern Psj’chiatric 
Hospital; II, The Psychochemical Tech- 
niques in Psj'chiatiy; III, The Ps.vchiatric 
Guidance Rehabilitation Techniques. 

Grouji p.sychotherapj’- is slowh’’ making 
headway, so that children, adoles'cents and 
adults may be benefited by its application. 
Relationships with others than their own 
families arc important to children, and group 
plaj' supplies such a need. Adolescent de- 
iincpicnts maj’ receive benefit. Mnong adults, 
the neurojis.vchoscs and mild types of func- 
tional psycho.scs are suitable for group ther- 
apy. But not all subjects should receive 
such treatment; where there are deep-rooted 
emotional conflicts, jierhaps the psj'cho- 
analytic method may prove more helpful. 
Alcoholics Anon.vmous with its jicrsonal, 
religious and social implications, receives 
favorable consideration The emplo.vmcnt 
of convulsive shock therajn- in some psj'chot- 
ics, also to prevent deterioration and to 
maintain certain behavior levels, m.a.v jirove 
gratifying when proper amounts are ade- 
quately adinini‘:tered. and with careful man- 
acement of the patients. 

Though these contributions are excellent, 
ui^ book can be all-inclusive. We would 
have liked to have seen Moreno's psycho- 
dramatics omsidcred. N. Y. 
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By T. Bedford, D.Sc., Ph.D., jM.I.- 
Min.E. Pp. 40, Supplement of Charts for 
the Calculation of EnAironmental Warmth 
(H.M.S.O.). lAindon: British Informa- 
tion Servnees, 1946. Price, S.70. 

Woinen in Industry, Their Health and Effi- 
ciency. Issued under the auspices of the 
Division of Medical Sciences and the 
Dmsion of Engineering and Industrial 
Research of the National Research Coun- 
cil. Prepared in the Army Industrial 
Hj'gience Laboratorj’’ bj' Anna lil. B.a.et- 
JER, Sc.D., Assistant Professor of Phj'sio- 
logical Hj'giene, School of Hj'giene and 
Public Health, The Johns Hopkins Hos- 
pital. Pp. 344. Philadelphia: Saunders, 
1946. Price, .S4.00, 

Cttrarc Intocostrin. Composed of reports of 
one hundred and forty-eight investigators 
and clinicians published in recent years. 
Pp. 292. New York: E. R. Squibb & Sons, 
1946. No Price Given. 

Advancmg Fro7its in ChejJiistry. B}’ Wendell 
H. Powers (edited), Assistant Professor 
of Chemistrj'. Pp. 156. New York: 
Reinhold Publishing Corporation, 1946. 
Price, .S3. 25. 

Medical Service by Govenment. Local, State, 
and Federal. B,v Bernhard J. Stern, 
Ph.D., Lecturer in Sociologj’, Columbia 
University. Pp. 208. New York: The 
Commonwealth Fund, 1946. Price, SI .50. 

iVciP Aspects o/ John and William Hunter. 
B.v Ja.ne M. Offenhei.mer, Brjm Mawr 
College. IVith a Foreword by Fenwick 
Beekman, M.D. Pp. 208; 5 ills. New 
York: Henry Schuman, 1946. Price, SG.OO. 

IPw). Beaumont's Formative Years. With 
Annotations and an Introductorj' Essas’ 
by Genevies-e Miller, M.A., Institute 
of the History of Medicine, The Johns 
Hopkins Lmiver.sitj-. Pp. 87. New York: 
Henry Schuman, iolO. Price, SG.OO. 

Sguuit a7id Convergence. By N. A. Stctter- 
HEiM, M.D. (Rand), State Mctlical Quali- 
fication, Holland: formcrl.v Surgeon to the 
E,ve Clinic, University, I/jvden; Part- 
time Ophthalmic Surgeon to the Jolianne-- 
burg School Clinic, Education Dept., 
Transvaal. Pp. 05; 26 graphs; 15 dia- 
cr,ams. Ixandon: H. K. Lewis A Co., Ltd., 
1946. Price, 15, '-net (S3.00). 
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By Erich TJrback, jM.D., F.A.CA,, 
Associate in Dermatologj*, Universitj* of 
Penns 5 'lvania School of Aledicine; Chief 
of Department of Allergj', Jewish Hos- 
pital, Philadelphia. With the collabora- 
tion of Edward B. LeWinx, B.S., M.D., 
P.A.C.P., Associate in Afedicine, Jewish 
Hospital, Philadelphia. Pp. 634 ; 266 ills. 
New York: Grune & Stratton, Inc., 1946. 
Price, SIO.OO. 

Diagnostic Examination oj the Eye. B}’’ 
CoxR.AD Berexs, AI.D., FA.C.S., Pro- 
fessor of Clinical Ophthahnologj*, Colum- 
bia Universit 3 '; Executive Ej’e Surgeon, 
New York Eye and Ear Infirmarj-; for- 
merly Chairman, Section on Ophthalraol- 
ogj' of the Anrerican Aledical Association ; 
Alanaging Director, The Ophthalniolo^cal 
Foundation, Inc.; President, Snj'der Oph- 
thalmic Foundation; former^' Chairman, 
American Board of Ophthalmologj*; Con- 
sultant to the Air Surgeon of the Army 
Air Forces; and Joshua Zuckerjux, 
B.Sc., ALD., C.Af., F.A.C.S., Instructor 
in Ophthalmologj-, New York Universitj'; 
Instructor in Ophthalmologj’, New York 
Ej'e and Ear Infirmarj’ and Columbia 
University Postgraduate School; Oph- 
thalmic Surgeon, Alidtown Hospital; As- 
sistant Ophtiialmic Surgeon, New York 
Eye and Ear Infirmarj*; Diplomate, 
.'American Board of Ophthalmologj'; Fel- 
low, American Academy of Ophthalmologj' 
and Otolarj-ngologj'. Pp. “II; 410 ills. 
Philadelphia: J. B. IJi)pincott Companj', 
1940. Price, .?1.5.00. 

Diabetes. Bv Hekuy J. Joh.n', AI.A., jM.D., 
FA.C.P.,' Lt. Coe., M.C., Cleveland, 
Ohio. Pp. 300. St. Louis: The C. V. 
Mosbj' Companj', 1940. Price, .53.25. 

.Inminl Rencu' of liiochanislry, A’olume XV, 
Bj' J, Me-rray Luck, Editor, Stanford 
Univer-sitj', Calif. Pp. 6S7. Stanford 
Univcr.'itj', Calif,: AnruEal Reviews, Inc., 
1946. Price, S-a.OO. 

Research and Reginnnl ]V(lfarc. Papers pre- 
at a Conference on Kc.-carch at 
the L'niven-itv of North C.arolina at 
Chnjx'I Hill, .Vfay 9-10-11, 19},>. Edited 
iiy RonunT E. Cokkv.. Kenan Profc>s-or 
of Zoulogj' with a Foreword bj* Louj.'; R. 
IVii.-ov. Director of the Se-quicente.'ini.il. 
Pp. 229. Ch.ape! Hill: Ti'.e Univerrity of 
North C'.'trolitia Pro-, 1956, Price, S'l.W. 


Progress in Ncnrology and Psychiatry, an 
annual re%'iew. Edited by E. A. Spieckl. 
ALD,, Professor and Head of the Dept, of 

E. Yperimenfal Neurologj', Temple Uni- 
versitj' School of Aledicine, Philadclplib. 
Pp. 70S. New York: Grune A Stratton, 
Inc., 1946. Price, SS.OO. 

Medical Biochemistry. By AIark R. Evei:- 
EiT, Ph.D., Professor of Biocliemistrj-, 
Universitj' of Oklahoma School of Medi- 
cine. Pp. 767; 106 tables. New York: 
Paul B. Hoeber, Inc., 1940. Price, 57.00. 

The Modern Treatment of Diabetes Mellitus. 
Bj' WlLEIAW S. COLEE.VS, B.S., M.D., 
Chief of the Diabetic Clinic; Chief of the 
Clinic for Peripheral Vascular Di?ea?ef 
and Associate Visiting Physici,an, Israel 
Zion Hospital, Brooklyn; Associ.ate Vi,<it- 
ing Phj'sician, Greenpoint Hospital, Bnx'.k- 
Ij'n; Attending Aletabolisf, Jewish Sani- 
tarium and Hospital for Chronic DiVc.'i.-es 
Brooklj'n; Consultant in Alefabolic Bi'- 
cases, Rockawav Beach Ho.spital, Xo"' 
York. Pp. 514; 195 ills. Springfield: • 
Charles C Thomas, Publisher, 194G. Price, 
S8.50. 

Znr Physiopathologie dcr Xicrc. Von Doze.st 
Dr. MED. Otto .StOheej!, Oberarzt der 
Aled. Unic'ersitats-Poliklinik Zurich. Mil 
cinom Vorwort von Prof. Dr. 

Rossier. Pp. 248. Bern: Aledizini'Thcr 
Verlag Hans Huber, 1946. Price, Ir. 17..’>0, 
kart. 

Peptic Ulcer. Bj' 1. W. Heed, M-D.* 

F. A.C.P., Attending Phy.'.-ici.ai), Ik'th 
Israel Hospital; Ciinicai Profes-or o- 
Aledicine (Retired); New York l/iiiver.-ilj , 
College of Aledicine, New York City; 

A. .Veef.n' Goeduloo-m, ALD., I ..VC.' -. 
Assistant Clinic.ai Professor of Mc<!icine, 
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.4 llistnrn of Mulidne. Bv DoUOE'''' C< 
iitE, ALD., I'.R.C.S.Ed., F.R.S.E- 

an Introduction bv Samuee C. IIaE'^'' 
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of Medicine. Pp. 449; 72 ill-- 

phi.a: J. B. Lippincott (''onipany, 19’*' 
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Psychoihcra'py in General Medicine. By 
Geddes Smith, Associate, Tlie Common- 
wealth Fund. Pp. 38. New York: The 
Commonwealth Fund, 1946. Price, $.25. 

Experimental Hypertension. Special Publica- 
tions of the New York Academy of 
Sciences. Pp. 179. New York: New York 
Academy of Sciences, 1946. Price, S3.75. 

The Diagytosis and Treatment of Pulmonary 
Tuheretdosis. By Moses J. Stone, M.D., 
Assistant Profe.ssor of Medicine, Boston 
University School of Medicine; Instructor 
in Medicine, Tufts Medical School; 
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rial Hospitals, Boston; and Paul De- 
fault, M.D., F.A.C.P., Superintendent 
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land, Mass. Pp. 325; 93 engr. Philadel- 
phia: Lea & Febiger, 1946. Price, $3.50. 

Pncimoperitoneum Treatment. By Andrew 
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F.C.C.P., Associate Clinical Professor of 
Medicine, Marquette Universitj’’ Medical 
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hulme Research Follow; G. V. James, 
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Price. $3.06. 
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M.mn, Pn.D., Professor of Pliy.>;inIog}', 
Medical Collece of Virginia, Richmond. 
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mittee on Public Health Relations, The 
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pital, Children’s Hospital and Baptist 
Hospitals, Birmingham, Ala. 4th cd. 
Pp. 1322; 1318 ills. St. Louis: Tlie C. V. 
^iosby CompaiU', 1940. Price, S12.n0. 


Urologic Roentgenology. By Miley B. Wes- 
son, !M.D., Ex-President Mncrican I’nv- 
logical Association, San Francisco. 2n(l 
ed. Pp. 259; 25S ills. Philadelphia: Lea 
& Febiger, 1946. Price, So.oO. 

Textbook of Biochemistry. By Be.vj.wix 
Harhoiv, Ph.D., Professor of Chenii.sfr>', 
Citj' College, College of the City of Xc«- 
York. 4th ed. Pp. 592; 144 ills. Phih- 
delphia: W. B. Saunders Company, 1910. 
Price, $4.25. 

General Biology. By William C. BE.\VEi!, 
Ph.D., Professor of Biologj', ^Yittcnherg 
College, Springfield, Ohio. 3rded. Pp.S2fl; 
355 ills. St. Louis: The C. V. Modiy 
Companj', 1946. Price, $4.75. 

Physiological Chemistry. Bj' J. F. McCee.v- 
noN, Ph.D., Research Profc.ssor of Phy-i- 
ologj', Hahnemann Medical College, Piiib' 
delphia; formerlj' Professor of Phj’.dolop- 
cal Chemistrj', Medical School, Univcr/ity 
of Minnesota, hlinneapolis. 7th c<l. Pp. 
463; 83 ills. St. Louis: The C. V. Modn- 
Companj', 1946. Price, $4.25. 

A Manual of Tuberadosis. By E. Asiib'CRT!! 
U-VDERwooD, M.A., B.Sc., M.D., D.P.ll. 
Medical Officer of Health and Chief Ad- 
ministrative Tuberculosis Officer, County 
Borough of West Ham; Lecturer in the 
Roj'al College of Xunsing; Fellon' of the 
Roj'al Statistical Societj'. With an Intro- 
duction bv Pnoresson J. R- Crniur,, 
M.A., M.D., F.R.C.P., D.IML, Erncritu; 
Professor of Public Health in the 1 ni- 
versitv of Glasgow. 3rd cd. Pp- 
Baltimorc: The Williams fc Wilkins Coin- 
pany, 1915. Price, .$4..50. 


KOTICE AND INSTRUCTIONS TO CONTRIBUTORS 

MANrscairrs intended for publication in The Asiekic.a.s' Jodt.nai, or nir. Mr.DiCAt.SciEKcri, ar.', 
cotTCspondence, phould be .«cnt to tho Editor, Dit. Edwatid B. KnuMniUAn, SeJiool of ^fcdiclrH' 
versity of Penn«yh'nni.'j, Philadelphia 4, Pn. Articles are accepted for publication in Tke .AMr.Kic'^ 
Jotrr.SAi. or the Medical Scie.vce.s ciclu.«i»-ely, cicept in the cn5c of subsequent publication in . 
proceedinpi. 

MA^T?C7II^Ts should lx* tj-pewritten on one side of the paper onlj', and should be double 
with liberal marcin*. The author’.x chief position and. when po'^tible, the Departraent ffom 
the work it produced fhould be indicated in the subtitle. Illu.xtiutio.vs accomp.anyinc articles , 
be numl>e.'ivi and have tj-ped captions fyarinc corre^fyndinc nurnlyri. For idcntifiration 
al-o have the author's name written on the marjan or back. The recommendations of the Air.'-A • 
Medical .\«''oriat;on Style Book fhould {« followed. RErnr-E.vci'.s should be riumlyred and r..^ 
end of the article^ arranged alphabetically acco.-dint; to the n-ame of the C.-jt author a.no < 
complete, that i'. author's name, jounial, volume, pace and year (in Arabic numlyra'. 

Rnrvr..'.' Po'Taoe .-hould accompany all manu-cripts but will Jy returr.e.1 to tlic autf.or if the ...i 
script ia accepted, 

Duriat: the err,erf;enej- ISO Rr.pni.vTf will ly f-rpph'ed pratia. Cove.-s -wtll fy omittfl on «!! 

In orderms addilicr.al repn.ata. tte will •upp'y in multiple-, of ISO. 



THE AMERICAN JOURNAL OF THE 
MEDICAL SCIENCES 

OCTOBER. 194G 

ORIGINAL ARTICLES 

THE THYROID AND BLOOD REGENERATION IN THE RAT 
By Albert S. Gordon, Pn.D. 

ASSISTANT PnorESSOn OF BIOLOGY 

Patricia C. Ivadow, M.S. 

FELLOW IN BIOLOGY 

Grace Finkelstein, M.S. 

-FELLOW IN BIOLOGY 
AND 

Harry A. Cilvripper, Pn.D. 

PBOFESSOn OF BIOLOGY 

NEW YOBK, NEW YOBK 

(From Wnshington Square Collogo of Arts and Scionco, Now York University.) 

It i.s generally knowTi that the thyroid thyroidism results in a disorder of blood 
gland exerts some influence over the proc- formation. Recently, Paul, Limarzi and 
ess of hemopoiesis. Reports on the nature Seed*" have shown that thyroidectomy 
of this relation, however, show many con- depresses erythropoiesis in polycythemic 
tradictions. For example, thyroidectomy is patients. 

stated to: (1) cause an anemia;--^ ®-”-'^'’®-'® Studies of the blood picture in e.vpcri- 

(2) produce no change in red cell count;*^-^^ mental and clinical liyperthyroidi.sm also 

(3) cause leukocytosis and relative lympho- have yielded contradictory results. This 
penia;^ ’^'’’’ (4) induce some leukopenia and condition has been reported to induce: 
lymphocytosis.^ ®-” Further pertinent in- (1) an increase in the number of red 
formation is offered by Mannsfeld,^ and cells " ® (2) an anemia, often preceded 
Askanazy,' who found that thyroidecto- by a rise in erythrocyte number;- ® 
mi/.cd animals show a slow hemopoietic (3) leukopenia and lymphocytosis;^® (4) 
response to high altitudas, and by Furuya,® leukocytosis involving granulocytosis;" (a) 
who noted a similar delay following hemor- lymphopenia, granulocytosis and no change 
rhngc. Meyer, Thcwlis and Rusclr® have in total white cell count.- 

reported, however, that thyroidcctomized These conflicting reports a])pcar to indi- 
rats respond to the erythropoietic stimu- cate a need for additional and more highly 
lation of reduced prc.ssures in much the controlled work on the subject. This in- 
samc way .ns <lo normal ruts. In clinical vestigation is concerned with the effects 
hyfxithyroidism most investigators agree of hypothyroidism induced surgically or 
that there is an anemi.n- and a lym- througli thiouraeil feeding, and of Uiy- 
phooytosis,” but Wilson”’ reports a rcla- roxin on recovery from the anemia pro- 
tive lymphopenia. In addition, Tatunv® duced by bemorrliage in adult male rats, 
has found the marrow of cretins to be fatly Tlicsc resulLs will he romjiarcd with those 
and Watannbe’* has reported that hypo- ohiained with testosterone propionate and 

>o!- nr. N,->. <VT,Tii;n, ip;r, 
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cobalt nitrate. Use has been made before 
of the bled rat as a sensitive test animal 
for obsernng hemopoietic activities of hor- 
monal or \'itamin factors.*'^® The present 
experiments include a study of red and 
white cells, hemoglobin, reticulocytes and 
, bone marrow. A preliminary report on 
several phases of this work has already 
appeared.® 

Materials and Methods. ThjToidectomies 
were performed under nembutal, and castra- 
tions under ether anesthesia. Initial counts 
of red blood cells (RBC), white blood cells 
(WBC), hemoglobin and reticulocytes were 
made on all animals. An anemia was in- 
duced by bleeding. From 4.25 to 6 cc. of 
blood, depending upon the weight of the 
animal, were withdrawn by cardiac puncture. 
Complete counts on each animal were made 
the day folloning bleeding and at weekh- 
intervals thereafter. Subcutaneous injec- 
tion of hormones and cobalt nitrate (Co- 
(NOsls-GHiO) were begun the day after bleed- 
ing and continued daily throughout the 
course of the experiment. 

Peripheral blood from the tail was em- 
ployed and all counts were made in dupli- 
cate. Red cell counts were required to agree 
within and white cell counts within 

=fcl09r. Reticulocyte counts were made 
from wet mounts of whole blood in 2% 
sodium citrate solution and stained with 
brilliant cresyl blue; 500 red cells were 
counted and the reticulocj'tcs expressed as 
a percentage of these. Differential count.s 
were made on smears of whole blood treated 
with Tl'right's stain. Hemoglobin content 
was detennined with a Fisher clectrohem- 
ometer. 

For the bone marrow studies, the entire 
right femur was fixed in Downey’s solution, 
decalcified in a mixture of equal parts of 
formic acid and 20 sodium citrate, dehy- 
drated and cleared in dioxan, sectioned in 
paraffin and .>;taincd with hcmatoxxdin and 
eo=iin or Kinc.'ley’.i polychromatic solution. 
Smear preparations of marrow from the left 
femur were abo made. 

Results. SKP.U--i 1. TliU consisted of 
2.5 not operated iqion and 24 thymidec- 
tomired aniraab. The.'e were sulidi^ided 
the day after bleeding into the follotving 

• W#' tn Dr. Krwir. 


groups; (1) S unoperated and S thyroiil- 
ectomized rats recei\ing no treatment; (2' 
S unoperated and S thyroidectomized 
given 0.1 mg. thyroxin; (3) 9 unojK'rate,! 
and S thyroidectomized rats given O.l mg, 
thjTOxin and 0.5 mg. testosterone propio- 
nate,* 

1. Effects of Thyrohlcciomy. A .survey 
of the initial counts before bleeding reveal- 
ed no effect of thyroidectomy on the RIIC 
and WBC 2 weeks after the operation. 
Hemorrhage caused no greater decrease in 
RBC than that shown by the unopt'rateii 
controls. The return of the RllC. how- 
ever, to normal levels wiis markedly in- 
hibited in the thyroidectomized untreatwl 
group (Fig. 1). Hemoglobin regeneration 
was also slowed but not to a.s pre.ai a 
degree. With regard to total white count, 
the thyroidectomized group was the onU* 
one which showed a slow continued in- 
crease. However, the level at the end of 
the e.xperiment was within the litnib of 
the normal range. Reticuloeyte.s appeared 
to be within normal limits tlironghmit 
and the differential white cell counts re- 
vealed no signific.ant change. The b'no 
marrows of the thjToidcctomizcd animal.' 
revealed some hypoplasia accompanied by 
a fatty infiltration, and a smaller cryth- 
roid/myeloid cell ratio than that observed 
in unoperated rats about 1 month after 
bleeding (Figs. 4 and 5). 

Six rats were subjected to .siirgie.d pro- 
cedure identical with that of thyroidec- 
tomy except that the thyroid wie-' not 
removed. Tiicse animab .showerl a .smaller 
decrca.se in RBC after bleeding than do 
the other groups. By the end of th<‘ -m 
week pre-blccding level.s were attain'd m 
all animals. In nio-t rc-spect.' thi- group 
did not differ .significantly from tie' mv 
operated control'. ^ i 

2. Kffrci.i of Thyroxin. In Ifth tb'' 
nnoperaterl and tbyroidectomiz' d anitn-'- '• 
thyroxin injection.' caii-ed an incr'-.v*- n- 
the rate of RBC regeneration d ig- ^ • 
Tiii.' increa.-o w;ls relatively gre.iter in tf ’J 
thyroidectomized than in the nnop r.'.-'’i. 

0>rporM3on, for th'’* '■ ^ 
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groups. A marked stimulation of hemo- 
globin regeneration was noted in the thy- 
roidectomized rats receiving this hormone. 
No consistent effects on the total or differ- 
ential white cell count were observed. 
Reticulocyte numbers were increased above 
the hemorrhagic levels by thyroxin to a 
greater degree again in the thyroidecto- 
mized than in the unoperated groups. The 
vacuolar appearance of the marrow ob- 
served in thyroidectomized rats was con- 
siderably repaired by thyroxin (Fig. 6). 
The erythroid/mj'eloid cell ratios as deter- 
mined from marrow smears were also 
significantly increased. 


0. 05 cc. sesame oil; (3) 6 given 0.1 mg. 
thyroxin; (4) 10 treated with 1.25 mg. 
testosterone propionate; (5) C given 0.1 
mg. thyroxin along with 1.25 mg. testos- 
terone propionate; (6) G treated with 1.25 
mg. cobalt nitrate; and (7) 6 given 0.1 mg. 
thyroxin and 1.25 mg. cobalt nitrate. The 
results are shown in Figure 2. 

1. Effects of Thyroxin. The picture 
found here was the same as in Series 1, 

1. c., a more rapid return of RBC and 
hemoglobin to normal levels, marked 
reticulocyte response, no change in total 
and differential WBC count, and a stimu- 
lated marrow. 



ITo. L— Efforts of thyroxin and flic conihinntion of thyroxin nnd Ic^'tostoronc on .nvoracc RRC, hemo- 
Rlobin vahics and reticulocyte pcrccntaRc.s in norni.-il nnd thyroidcctoniircd rats follow niK hleedinK. 


3. Efficls of Thyroxin Phis Tisinsiernnc. 
This combination of lionnones produced 
the same genera! picture as ihyro.xin alone 
(Fig, 1). It cauced. however, a more pro- 
nomicctl ri.xe in hemoglobin in the thyroid- 
ectomired groujt. 

Skuiks 2. The -M thyroidectomized 
animals were subdivided into the following 
gnnips; (1) 5 untrt'.nted; (2) 5 given 


2. Effects of Tcstos(eroni\ This hormone 
stimulated .slightly RBC regeneration but 
produced a possible inhibition in hemo- 
globin production. Reticulocyte numbers 
wore higher in this group during the 
1st week of treatment. The bone marrow 
appeared normal. 

3. Effrrlf of Thyroxin Phis Tistnyterune. 
Except for a .stronger hemoglobin and 
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reticulocyte re^pf)iise. the ciTects of this Seiuvj> 3. The animals were sulnHvi.!;,! 
comhination were quite similar to tliosc as follows: (I) 7 mioperatcd mitreatn!; 
profhim! by thr-roxin alone. (2) 5 thyroiclectomired tmtu'atctl; {'X' S 

■1. Efict.o of Cobalt. This drup evoked thyroidcctoimV.cd and cw^trated; (-0 T tin- 
;ts preat a hemoplobin response as did roidectoinized-castrated rats treateil a it!, 
thyroxin, and exerted a more powerful 1.2r>inp. testosterone propionate; (.'d Sun- 
influence on lUlC production. Reticulo- operated fed a diet containinp 0.2‘'i *!»''>- 
eytes were maintained at hipher than nor- tiracil* 3 weeks prior to, and for •! uotL- 
mai ieveb. The hone marrow.s were mark- followinp the hteedinp. The n'sult' :m- 
edly hyperplastic in all c.xscs, revealinp dcj)icted praphically in I'ipure .‘i. 
densely packed areas of erythropenic cells. • It will be seen that castration in tln- 


f! . 

. . A r» - ; ^ f 


rr))>tU. thyrttilr. ?«*•*» ' 


1’ • : 1 

! • t 

5 * r< ' 1 i',\ * r ' , 

\ r*.‘- J V / 

IMU:. I. 

t nr.'i n jK’rrt':.* ir* ' r- 


' 


77:,r,.-m. 'J'hi- 

rat'- *ii*I f** 


.•■•nb 

'•Hat! ci pri”. t <1 ti> }■•• 

tl.'c n.c-t j.'iacr- 

delay in Hlir rcyc.’icration than 

r-- 

fid 

in tS,-- -'ri' 

■ for Illif’ and 

duc<'ri by tiivroid' ctorny 

7Vf- ■ 

1 < 

'b'c r* ,'cf’i r'.i'i‘'n r 

t d for l.i.'h -n - 

tcriira-, v.ltich ua- only ■'h/htl.' 

0 r* * ’ ‘ '* 

t-dr- 

■ I r* 'i< td tc \ ; In*' 

Ti <■ 1 in.ar- 

in .'ucci. r.sfifie ItHC ?> ,,-< i.»rc.'! •' 

■i jr. ' 

nc. 

V • T>- a! .t ir.tc: . -j. 

d and 

ro.'df rf/irt.;,'''-d rni‘ ri' 2', p 

'i-‘, * 

:!• 1 

'.'1 * ’ 1 It.'' 

d .-.i .,!! r.i'io 

a n.orc {-'Ci nt nitnulc. in !t > 

■ ^ ' r ' ■ 

1 • :>• 

1 ; > ■ t ; I n < ! ! I 1 1 ' .■ 

Tfip 7i, 

* d-<^';'. * t ra(< t! r.it. H'n.'v 

■■ ' r 

N- 

■ d '.it.t ’ri ' i 1' 

■ -' t 1 y f 

n.-ifi- d.-!.sy>l m 


!' t; 

■ t,.-.! ! d 

1 U Br r.,-;rA 

r> d-c'or:. 'r.-.'i d t! t ir. 

U ‘ ' 

1 : 

' f '■ vr- tl. 

'> -r r:r.. 

r*-' f'-c!i, .i ;sr tl d- 1 c. • 

' ' * ' 


* ; ’ ' t 

•**' 1* 1. 1'« -I' • '-•t !*• 

■ ; — » jv- •' •. i It',;' "v 




TIME IN V/EEK5 AFTER BLEEDING 



Tin'ROID AKD blood REGENERATIOK rx THE RAT 


3S9 


come by testosterone injections. Thio- 
uracil treatment inliibited botl) RBC and 
hemoglobin regeneration to about the 
same extent as that noted in tlijToidecto- 
mized-castrated rats. Normal, thyroid- 
ectomized and thyroidectomized-castrated 
rats all displayed reticulocyte responses of 
approximately the same magnitude; tes- 
tosterone treatment increased reticulocyte 
counts during the 1st week following bleed- 
ing but not beyond this period. Thioura- 
cil fed rats possessed the smallest reticulo- 
cyte counts at all times during the experi- 


been thiToidectomized 6 months previ- 
ously were divided into 2 groups the day 
after bleeding. Six unoperated and o thy- 
roidectomized rats received daily injec- 
tions of 0.1 mg. thyroxin and the other 
10 served as untreated controls. The 
results corresponded in general to those 
obtained in the previous series of e.xperi- 
ments. In this group, however, the delay 
in RBC and hemoglobin regeneration was 
strikingly apparent only during the 
1st week following bleeding. ThjTOxin 
exerted its usual stimulatory influence on 



Fig. S. — EfTccf.s of ra.‘;tro(ion and tc.sfosfcrono plus enstration on averaRO RBC, licmoRlobin values 
and roticuloryto pcrcpnl.aRc.s in tlij-roidoctomizcd rats following bleeding. The influence of thiouracil 
on the behavior of bled iinoperalod rats is also seen. 


ment. While cell counts showed no sig- 
nificant alterations in any of the animals 
except for the thiouracil scries in which 
the usual chronic granulocytojjcnic state 
wa.s detected.’" 

Sr.uiLS 4 . In the 3 series described 
above the thynudcctomizcd animals were 
cmj)loycd 1 to 2 weeks following tlsc 
op.eration. Att additional experiment was 
jierformed to determine the type of result 
obtainable with long-time thyroidccto- 
mir.ed rats. Accordingly 12 rats that had 
not been ojicratotl upon and 0 which had 


the RBC, hemoglobin and reticulocyte 
values but to somewhat dilTercnt extents 
in the unoperated and thyroidcctomized 
groups. Again the total and difi'erential 
white cell counts revealed no significant 
trends. A moderate tendency to hypo- 
plasia noted in the marrows of the thyroid- 
ectomized animals in this scries was cor- 
rected by the thyroxin treatment. 

Discussion. A definite relation between 
the thyroid gland and the process of erx’th- 
ropoiesis is indicated by tlie results of the 
present investigation. Support for this 
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contention comes from a study of both 
the peripheral blood picture and the bone 
marrow in bled animals. Thus thjToidcc- 
tomy or hypoth%Toidism induced with 
thiouracil causes a marked delay in, and 
thjTo.'rin injections an acceleration of 
RBC and hemoglobin regeneration in 
hemorrhagic anemia. Tlie ability of thy- 


roxin to stimulate RBC production has 
also been demonstrated in the h\-pophy- 
scctomizcd rat.^’® 

The erythropoietic effect of th\Tosin 
jippears to be more e\ddent in thjToidec- 
tomized than in unoperated animals. This 
may find its e.xplanation in the different 
amounts of thjToid hormone e.xisting in 



Fig. 4. — Bled rat nnoperated upon and pven no treatment. Some hj-pcrplasia is stOl olserved SO 
daj-s after bleeding. This and follotring figures represent median sagittal sections of rat femoral bone 
marrow, fixed in Downey’s solution, decalcified in formic acid and sodium citrate, and stained with 
Kingsley’s polychromatic solution. X 150. 



jrjg_ 5. Bled thyroidectomized rat pven no treatment. Fatty infiltration and slight hypopl^® 

erythrogenic elements are apparent 30 days after bleeding {see Fig, 4). 
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the blood and in the reciprocal effects of 
this liormone on the anterior hypophyses 
of such animals. The “ paradoxical ” de- 
crease in RBC count following an initial 
polycythemia induced by thyroxin®® may 
perhaps be similarly explained. 

Previous work’ has showi that castra- 
tion in the male delays the regeneration of 
red cells following bleeding. The present 
studies indicate, however, that castration 


superimposed upon thj'roidectoray causes 
no further inhibition of RBC regeneration. 
Since testosterone has been shonm to be 
a potent stimulus to erythrogenesis in the 
hj'pophysectomized rat®® and in the cas- 
trated rat,’-® it was e.\pected that this 
hormone would augment the action of 
thyroxin; this, however, did not occur. 
Moreover, testosterone, by itself, only 
slightly accelerated RBC regeneration in 



l'T«. 0. — Bled thyroidectomizod rat treated with thyroxin for 30 day.';. Conhidorablc repair of the 
thyroidectomy hypoplasia is observed (see Fir. 5). 



1 10 . T.~Bh'd tliyroidectomired rat trvated with thyroxin and cobalt for 30 days. Inten*e hvpoi-pla'ja 
mid hyiH'reriiia noted; tnaty dea.'elj" packed crjahroRcnic areas .are vLoble, 
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bled thyroidectoinized .nnimals. This may 
have been due, in part, to a sensitivity 
of tlie thyroidectomized animal to sesame 
oil, the veliicle for testosterone. It is more 
likely, however, that injections of testos- 
terone into thjToideetomized or unoper- 
ated animals, in which relatively high 
levels of endogenous male sex hormone 
already exist, are not cfl’cctivc as in hypo- 
physectomized or castrated animals in 
which the male hormone concentration is 
low. Previous work®’ in addition has 
shown that dail^- injections of 2 mg. of 
testosterone are not as efl'ectivc as 1 mg. 
doses. The fact that testosterone exerts 
a considerably greater efl'ect in accelerat- 
ing RBC regeneration in the th 3 Toidecto- 
mized-castrated than in the thjToidecto- 
mized rat would lend additional support 
to this hj^jothesis. 

The endocrine effects on hemoglobin 
s^mthesis are complex. Thj'roidcctom^' 
inhibits and thjTOxin stimulates hemo- 
globin regeneration in bled rats (the pres- 
ent work). On the other hand, testoster- 
one depresses hemoglobin formation in the 
normal male rat and castration enhances 
it.^ Difficult to reconcile with this is the 
fact that castration in the tlijoroidecto- 
mized rat further delaj^s hemoglobin sjmth- 
esis and testosterone accelerates its for- 
mation in the thyroidectomized-castrated 
rat; likevdse the sjoiergism of testosterone 
and thjToxin in speeding hemoglobin 
sjmthesis remains unexplained. It seems 
possible that, as for red cell numbers, 
hemoglobin values in endocrine-treated 
animals are determined bj’- the relative 
levels of endogenous and exogenous hor- 
mones in the blood and the sensiti\dty of 
the bone marrow to hormonal stimulation 
under these conditions. 

The results obtained from the peripheral 
white cell studies were disappointing. No 
significant trends were observed in auy of 
the animals with the exception of 1 thj'- 
roidectomized group which displayed a 
rise in total white cell count, but even this 
was transient and soon disappeared. The 
absence of positive effects on the wliite 
cell picture does not necessarily constitute 


satisfactory" evidence that the regeneration 
or distribution of these elements is not 
influenced by' thy'roid absence or excess. 
A considerable variation in leukocyte 
count has been usual among normal non- 
infccted rats of our colony' and this would 
tend to militate against the use of such 
animals for studies involving relatively 
small changes in white cell numbers. 

Korcnchcvsky' and Hall” have asserted 
that it is not possible to know whether 
the effects of sex hormones on the blood 
are due to changes in bone marrow activ- 
ity' or blood volume. They claim that 
x'ariation in fat content of the marrow, 
one of the criteria employ'ed by us in this 
as well as previous studies, “cannot be 
used as a reliable diagnostic feature of 
hemopoietic activity.” We cannot agree 
entirely' with this statement, for if fat does 
invade the marrow and replaces blood- 
forming tissues, the total hemopoietic ac- 
tivity is most likely depressed. Although 
it may be true, as they have found, that 
in certain e.xperimental conditions (e. 9-> 
after castration) the quantity' of marrow 
fat is proportional to that found distribut- 
ed throughout the body', this does not 
hold in every' case. For example, it has 
been shown” that after hypophy'sectomy 
the marrow becomes hy'poplastic and infil- 
trated with fat; this extensive vacuoliza- 
tion obviously' cannot be e.xplained m 
terms .of an increased fat content of the 
body' following hy'pophy'sectomy'. In addi- 
tion it should be emphasized that the fat 
content of the marrow has not been em- 
ployed as the sole criterion in interpreting 
peripheral blood changes. The conclusions 
that the hormones affect the ery'thropoiefic 
process itself in premous w'ork®®’” and m 
this report have been based on a combina- 
tion of several points of emdence, c. g-, 
reticulocy'te behamor, marrow' histology 
and cytology', and the general lack of cor 
relation between changes in red cell num 

bers and hemoglobin concentrations m 

the peripheral blood. , 

It is still an open question as to whe er 
the thyroid directly regulates the 
poietic process or w'hether this contro is 
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a secondary manifestation of the clianges 
in general metabolism induced l\y the 
gland. Excess or diminishing thyroid 
activity is also associated with changes in 
pituitary function and these too may 
exert an influence on erythropoiesis. A 
(rue answer to the problem of direct or 
indirect control of hemopoiesis could pos- 
sibly be gained by studying the actixdty 
of bone marrow in tissue culture under 
the influence of hormonal agents. 

In these studies the combination of 
tliyroxin and cobalt produced the greatest 
stimulatory influence on red cell and hemo- 
globin regeneration, reticulocyte numbers 
and bone marrow activity. Cobalt has 
also been shown to act synergistically with 
testosterone in accelerating erythropoi- 
csis.^ It is suggested that small amounts 
of this metal be administered along with 
the appropriate hormones in the treatment 
of clinical anemias accompanying endo- 
crine deficiency. 

Summary. (1) Tiiyroidcctoiny or thiou- 
racil treatjnent inhibited the return of 
HBC and hemoglobin to normal levels 
following bleeding. Stinlies of leukocyte 
changes were inconclusive. Injections of 
thyroxin speeded regeneration of RBC and 
hemoglobin to a greater degree in bled 
thyroidectoniized than in bled unoperated 
rats. 

2. Castration in thyroidectomized ani- 


mals did not further delay RBC regenera- 
tion, but caused a greater inhibition of 
hemoglobin synthesis. Testosterone was 
a more effective erythropoietic agent in 
the thyroidectomizcd-castrated than in 
the thyroidectomized rat. The combina- 
tion of testosterone and thyroxin was little 
more effective than thyroxin alone. 

3. Cobalt markedly stimulated RBC 
and hemoglobin production in bled thy- 
roidectomized rats; the combination of co- 
balt and thyroxin was even more powerful. 

4. The hormones and cobalt, alone or in 
combination, all evoked marked reticulo- 
cytosis during the week following bleed- 
ing; but cobalt, and cobalt in combination 
with thyroxin, were the only treatments 
which maintained the reticulocytes at 
high levels throughout the e.xperiment. 

5. Neither thyroidectomy nor adminis- 
tration of the hormones or cobalt caused 
any significant change in the total or 
differential white cell counts of bled rats. 

G. The bone marrow of thjToidecto- 
mized rats displayed a slightly greater 
state of hypoplasia and a lower erythroid/ 
myeloid cell ratio than seen in animals 
not operated u])on 3 to 4 weeks after the 
bleeding. Thyroxin tended to correct 
these changes; but cobalt, and especially 
the combination of cobalt and thyroxin, 
produced the greatest degree of marrow 
hyperplasia. 
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A HALF century ago, Roentgen an- 
nounced to the world, his epoch-making 
discovery of the rays tliat bear his name. 
It did not take long for the medical pro- 
fession to learn that their diagnostic and 
therapeutic possibilities were fraught with 
a danger which soon tempered its early 
enthusiastic response, 200 late radiation 
injuries having been compiled in the first 
7 ycars.^ While the science of radiology 
has progressed to the point where it now 
rests on a firm foundation, only recently 
have measures been devised which coun- 
teract successfully some of the harmful 
effects of radiation. 

There is no essential difi'crcnce between 
the reaction caused by Roentgen rays and 
those elTcctcd by radium. The dosage 
usually is so planned that the maximum 
safe reaction becomes manifest. If the 
skin tolerance is exceeded, ulceration and 
necrosis may occur. The ulcer may heal, 
but the tis.sucs arc atrophic and are sus- 
ceptible to slight trauma. In such areas, 
late radiation ulcers sometimes develop. 
The late changes due to radiation are 
hyjierpigmcntation, or loss of pigmenta- 
tion, sparsencss or absence of hair, few or 
numerous tclangiecta.sc.s, diminished or ab- 
sent activity of sweat and seliaceous glands 
and various degrees of skin atrophy, kera- 
toses, late ulceration or cancer. 

Histologically, the immediate initial 
change'® following irradiation is a focus of 
local edema and infiltration of leukocytes 
in the corium, followed by degeneration 
of the nuclei. The intimal cells of the 
blood-ve.ssel.s of the corium and subcuta- 
luMnis tissues undergo swelling, .subsc- 
tiuently causing obliteration of the lumina. 


The larger vessels show similar changes, 
with thickening of the adventitia and 
media, and partial or complete occlusion. 
There are areas of var^dng sizes of necrosis 
in the corium, with loss of the epidermal 
appendages. The collagen shows various 
degrees of homogenization up to extensive 
fibrosis with the formation of dense scler- 
otic areas of connective tissue." Later, 
there may be new formation of capillaries 
arising from the thickened vessels of the 
upper cutis. Sebaceous glands are des- 
troyed and hair follicles are next in their 
degree of susceptibility. 

Late radiation ulcers occur months to 
years after radiation has been employed. 
The ulcers usually follow infection or 
trauma of a minimal nature to an area 
showing the stigmata of previous radia- 
tion. In some cases, the trauma may be 
so minimal that the patient does not re- 
member the incident. As a result of a 
diminished blood supply in the tissue, an 
ulcer forms which is indolent, usually quite 
painful and tender. The ulcers may 
become gangrenous and undergo malig- 
nant degeneration.' The pain may be so 
intense that the patient may develop drug 
addiction and become a total invalid. In 
addition, the medical profession cannot 
afford to minimize the medico-legal aspects 
of the problem. 

It long has been knovm that indi\*iduals 
vary in their susceptibility to radiation® 
and that different regions of the body 
manifest different responses to an eryth- 
ema dose.'’ The aged are u.^sually less .“sen- 
sitive than infants, whereas females are 
usually slightly more sensitive than males. 
A coarse skin or anemic .skin will react 
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less rapidly than thin shin or skin posses- 
sing good color. Blondes are usually more 
susceptible than brunettes, and Negroes 
are most resistant. The scalp is the least 
sensitive area, while the face is probably 
the most sensitive. The extensor surfaces 
are more resistant than the flexor surfaces, 
■while the flexures such as the axilla and 
groin are very sensitive. Chemical irri- 
tants enhance the irradiation effect. Fi- 
nally, a small treatment area nnl Itolerate 
considerablj' more irradiation than ■a’Ul a 
large area. 

The initial response of the skin to radia- 
tion is not always comparable ■adth the 
delayed effects. An area of skin -which 
shows a minimal initial susceptibility, as 
e-videnced by the time of appearance and 
degree of erythema, may undergo late 
radiation necrosis folio-wing a dose that 
more susceptible areas would tolerate -adth 
safety. Thus, relatively' ischemic areas 
may break dou'n, despite exhibition of 
only minor primary radiation effects. This 
probably accounts for a certain irreducible 
percentage of late radiation ulcers. 

With the advent of hea-vily filtered, ex- 
ceedingly high voltage radiation (1000 kv.) 
it has been possible to deliver a tumor 
dose deep in the tissues -adth less effect on 
the skin than is obtained -with the custom- 
ary deep voltage (200 kv.) therapy.^- 
Despite the refinements in equipment and 
in technique, however, radiology depart- 
ments throughout the country continue to 
see late radiation ulcers, indicating the 
importance of dosage factors and indirdd- 
ual susceptibility. 

The toll exerted on the early workers 
in the profession^ was the result of ignor- 
ance of the harmful possibilities of the 
new rays. It is therefore somewhat start- 
ling that, of 70 cases of radiation injuries 
recently seen by Uhlmann,” 35 were in 
physicians. Rather significant is the fact 
that the radiologists, that section of the 
medical profession most exposed to irradia- 
tion, but at the same time keenly a-ware 
of its potential dangers, were represented 
by only 3 members. Only 30 of the 70 
cases received their injuries as a result of 


treatment with Roentgen rays and radium, 
the remainder being injured in the course 
of diagnostic or technical work. Of the 
30 cases, but 14 had received therapy for 
malignancy. Of 37 cases of late radiation 
ulcers reviewed by Davis, ^ 27 were the 
result of treatment for benign conditions, 
6 w'ere the result of accidental irracfiation 
during fluoroscopic procedures, and 4 re- 
sulted from irradiation for malignancy. 
W^hat better evidence is needed that most 
radiation injuries are avoidable? 

Until recently', these ulcers were notori- 
ously refractory to medical treatment. 
The premous methods employed -n-ere 
varied, and the good results obtained were 
the exception rather than the rule. Peri- 
arterial sympathectomy, variations of 
acid-base equilibrium, salt-free diet, cod- 
liver oil ointment, ultraviolet irradiation 
and autohemotherapy all e.xperienced tem- 
porary popularity, soon to be relegated to 
the medical limbo. The use of the fresh 
whole leaf of Alw vcra gave more encour- 
aging results than any premous non-surgi- 
cal method of therapy,’ but it failed to 
produce the anticipated high percentage 
of cures.^ Plastic repair was necessary in 
many cases as the only means of cure. 

In 1930, Uhlmann first began to use 
radon ointment in the treatment of late 
irradiation ulcers and has since that time 
effectively demonstrated its value as a 
therapeutic agent.’’ The active prin- 
ciple in the radon ointment is its high 
concentration of alpha particles and to a 
less extent beta particles and gamma radi- 
ation released by the atomic disintegra- 
tion of the radon gas. Of 70 cases treated 
in this manner, only 2 were not cured, 
and these had residual carcinoma in them- 

Radon Ointment Preparation. Radon 
ointment is prepared by dissolving radon 
under pressure in lanolin. Radon occurs 
normally in the gaseous state and is given 
off by radium prepared in the form of an 
aqueous solution of one of its salts. As the 
gaseous radon is formed, it bubbles up 
through the solution of radium and can be 
collected, purified, concentrated and meas- 
ured in a closed sy'stem. 



EABON OINTMENT IN TREA.TMENT OF LA.TE IRRADIATION ULCERS 


397 


Radium becomes radon bj”- the spontane- 
ous emission from its nucleus of an alpha 
particle. Alpha particles are fast traveling 
nuclei of helium atoms which can be stopped 
by a sheet of paper, can penetrate tissue to 
a depth of only 0.030 to 0.050 mm., and are 
completely stopped by the material in the 
walls of the ordinary" radium containers. 
Thus, they are not utilized when radium as 
used therapeutically in closed containers. 
Eventually, they annex 2 electrons and 
become helium atoms. 


speed electrons which can penetrate tissue 
to a depth of 15.4 ram., but are stopped, as 
are the alpha particles, by the walls of the 
ordinarj’- radium containers now in use. The 
gamma rays, which are the rays commonly 
employed in radium therapy, are electro- 
magnetic in nature, with properties similar 
to light. They corre.spond to Roentgen rays, 
but are much shorter in wave length atid 
are much more penetrating, only 50% being 
absorbed b}'' 13 cm. of tissue. 

Commercial radon contains radon, Ra- 



HL 1590 3.82 3.0 26.8 19.7 

Years Days Minutes Minutes Minutes 

Disintegration of radium and its immediate descendants. A IV, 
atomic weight; AN, atomic num!>cr: HL, baU-life. 

Fro. 1 — Radom And Its Short Lived Disinteftmtion Products. (Gla.sscr. Quimby, Taylor, 
Wo.athcrwax: Physical Foundations of Radiologj*, Now York and London, Paul B. Ilocbor, Inc., 1914.) 


Table 1.— Tnr. Radioactive Decat or Radon 


EInpsed time 
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Elnpscd time 
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remnininB: 

0 . . . . 
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0 4S4 
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... 0 941 

5 

U 
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. . 0 913 

0 

t( 
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10 “ 

. . 0 SSO 

7 

« 

. 0 2S1 

20 " 

. 0 SCO 

S 

4( 

0 235 

1 (hny 

. 0 S34 

9 

i( 

0 190 

2 thiy.s . . 

0 090 

10 

4t 

0 103 


Tl>o residual activity after any other time interval can bo computed from this table by multiplying 
the appropriate factors; for example, after .1 d.ay.s 20 hours the fraction remaininR is the product of the 
values for 3 day.s and for 20 hours, thus 0.5S1 X O.SGO = 0.500; after 15 days the fraction remaininc 
is the prodtict of tlio values for 10 day.s and for 5 days, 0.103 X 0.401 = 0.000. (Evans, R. D., Mnssa- 
eimsetts Institute of TcrhnoIoR.v, C.ambridce, Mass., in process of puhlic.ation. Physical Constants 
of Radon Ointment.) 


In less than 4 days, one-half of a given 
amount, of radon will have disintegrated 
into a new element of lower atomic weight, 
losing an alpha particle and hccominc Ra- 
dium A. ICvcn more rapidly. Radium A 
loses an alpha p.nrticlo and become.^ Radium 
B. This tiisintegrates in a matter of minutes 
to Ratlimn C thmugh the spontaneous omis- 
sion of bot.a and gamma radiation. 

The beta itarticles ]troduced by the dis- 
integration of Radiums B and C arc high 


diums A, B and C, and continues to emit 
alpha, beta and gamma radiation, in unvary- 
ing fixed proportions for 30 days. Each day 
it loses 1 S% of its strength of the previouc 
day. During the entire period of its activity, 
90% of its emissions are alpha p.articlcs. 

The question will naturally arise in the 
reader’s mind as to why the g.amma ray.s 
being emitted from the radon ointment 
will not produce still further damage to 
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the tissue already injured by overexposure 
to this type of radiation. Three factors 
are involved in explaining this apparent 
therapeutic paradox: 

1. The amount of radon incorporated 
into the ointment is very small. The 
absolute concentration of gamma radia- 
tion emitted from the ointment during an 
8 hour application in commonly employed 
therapeutic strength (200 e.s.u.) is 3.3 X 
10~® me. hours, as contrasted to 5000 me. 
hours commonly employed in the treat- 
ment of carcinoma of the cervix. 

2. Due to its great penetrability, only 
a small amount of the gamma radiation 
is absorbed in the most superficial layers 
of the treated tissue. 

3. Ninety % of the radiation is com- 
posed of alpha particles. In the superficial 
layers of tissue where all the energy from 
the alpha rays is absorbed, the amount of 
energy absorbed from the alpha rays is 
more than 10,000 times that absorbed 
from the gamma rays.^ 

Thus, the treated area receives an insig- 
nificant amount of gamma radiation and 
a high concentration of alpha radiation. 

At the present time, nothing is known 
concerning the mode of action of radon 
in promoting the healing of ulcers. It is 
believed that capillary proliferation is 
stimulated in the ordinary avascular bed 
of the ulcer. Griffith® has shown that 
radon ointment applied to the skin causes 
an increase in the cutaneous capillary 
count. 

Method of Treatment. When late radiation 
ulcers are seen for the first time by the 
radiologists, it is important to determine 
whether there is any evidence of malignancy. 
We believe that a biopsy should be performed 
in any suspicious case. In large ulcers, it 
may be necessary to perform multiple biop- 
sies of all the areas under suspicion. Con- 
trary to the experience of IJhimann and 
Grossmart,^5 believe that a prompt 

response to radon ointment will tend to 
exclude the recurrent or residual malig- 
nanc 3 ', it has been our observation in 2 
cases (Cases 7 and 12) that such a diag- 
nostic criterion is not alwaj's reliable. It 
should be remembered that biopsy, per- 


formed on heaxdly irradiated tissue, is often 
inconclusive, for bizarre, edematous cells in 
an ulcer, the result of prolonged ischemia, 
may be mistaken for tumor cells. 

Varying degrees of infection are present 
in most of the ulcers. In the majority, the 
infection is minimal and requires no adjuvant 
treatment. In some cases, the presence of 
an adherent slough or necrotic tissue will act 
as a mechanical barrier to the penetration 
of the alpha particles and will require pre- 
liminary treatment with zinc peroxide, or 
sulfanilamide-allantoin ointment for several 
daj's. IlTiere these changes are not marked, 
one maj" be able to institute the course of 
radon therapy and apply the measures for 
combating infection in the intervening 
periods. 

The ointment should be applied as close 
as possible to the xuable tissue. This requires 
that the ulcer be thoroughly cleansed, dS- 
brided and dried. In this manner, the lano- 
lin base has an opportunitj’’ to be absorbed 
into the deeper layers of the tissue and thus 
increase the depth of effective treatment past 
the 0.1 mm. range of the alpha particle. 
Care should be taken not to allow the oint- 
ment to come in contact with the operator's 
hands, the material being applied by means 
of a wooden tongue blade. It is applied 
even!}' over the lesion, including a periphery 
of normal tissue, in a thickness of about 
1 mm., 1 cc. covering approximately 10 sq. 
cm. of a lesion. The dressing applied over 
the ointment must be air-tight and this is 
achieved by the use of a rubber dam, oil 
silk, or cellophane w'hich is fastened donm 
with overlapping adhesive strips or scotch 
tape. In some cases, it may be desirable to 
apply gauze on top of the air-tight dressing 
before securing it with adhesive. When 
there is a pronounced secretion, it may he 
advisable to reverse the procedure and apply 
a thin lajmr of gauze on top of the o'mtment, 
followed by the protective dressing and 
adhesive. Liquid adhesive has been used 
at the periphery of the protective covering 
to further seal in the radon gas. The loca- 
tion of the lesions in various irregular con- 
tours of the body will often tax the ingenuity 
of the physician in devising methods of 
guaranteeing an air-tight dressing" After a 
specified time, the patient removes the dress- 
ing and foUowdng superficial cleansing, ap- 
plies either a bland ointment such as bone 
acid ointment, or a bactericidal preparation 
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if deemed advisable. Irritating medications 
and prolonged exposure to strong sunlight 
are prohibited. 

The dosage employed is a matter of experi- 
ence. The ointment is obtainable commer- 
cially in 4 strengths: 100, 200, 500 and 1000 
electrostatic units per cc. These concentra- 
tions equal the commercial Alphatron’s 40, 
80, 200 and 400 fic. per cc. The radon 
concentrations also are graded as mild, mod- 
erate, strong and special, corresponding to 
the strengths mentioned above. It has been 
our practice to appl}'’ the 200 e.s.u. ointment 
for 8 hours, once a \Yeck. If the response 
is slow, one ma}’’ increase the period of 
application for anj’^ period up to 24 hours 
once a week. In some instances, we have 
employed two 8 hour applications per week. 
In some of our early cases, we used 100 e.s.u. 
but gave this up in favor of the 200 e.s.u. 
strength. We have never used the 1000 e.s.u. 
concentration. 

Case Abstracts. Case 1. A white male, 
aged 70, treated for epithelioma on the dor- 
sum of the right hand; GG70 r were delivered 
in G equal doses on Chaoul apparatus, June G 
to July 11, 1942. The factors were: 45 kv.p. 
with 0.2 mm. of nickel filtration at 5 cm. 
T.S.D. through a 3 cm. portal. It was com- 
pletely healed in January 1943. lie scratch- 
ed his hand in January 1945 with formation 
of radiation ulcer 3 cm. in diameter. Twent}'- 
fivc radon ointment treatments were given 
between Feb. 1, 1945, and i\Iay 22, 1945, 
which healed the ulcer; 200 e.s.u. strength 
for 24 hours used twice a week. 

Case 2.— A white male, aged 41, treated 
for epithelioma on the dorsum of the right 
hand; 1200 mg. hours of radium in contact, 
filtered with 2 mm. of brass given in July 
1930, plus 1550 r in 1 dose at 130 kv.p., 
25 cm. T.S.D., with no added filler and 
2 cm. portal. It was completely healed in 
September 1930. It broke down in Januar}- 
1043; 100 e.s.u. radon ointment applied for 
S hours once a week for 10 weeks. It was 
completely hc.aled by June 1943. In Octo- 
ber 1943, he developed a kcratotic horn at 
the .site of ulcer. This finally broke down in 
October 1944. This second radiation ulcer 
did not respond to radon ointment and the 
area was .skin grafted with a good result. 

Cask 3.— A white m.nle, aged GS, treated 
for epithelioma on the dorsum of the left 
hand. The le.sion received 8000 r at 25 cm. 
at loO kv.p. with 1 mm. of A1 filtration 


through a 3 cm. portal, between Feb. 14 
and Feb. 21, 1939, in G equal doses. It was 
completely healed in ]\Iay 1939. After 
trauma to hand in October 1942, an ulcer 
appeared. Radon ointment applied GO times 
during the entire year of 1943 showed no 
result. After a pathologic fracture of the 
underlying metacarpal in June 1945, the 
ulcer healed spontaneous!}'. 

Case 4. A white male, aged 42, treated 
for eczema. This patient had 1 minute 
treatments 2 to 3 times a week over a 2 year 
period from a dermatologist in 1928 and 
1929. The exact dosage and factors are 
unknoOTi. Fissures developed in the skin 
of the right hand in 1940. Twenty-seven 
applications of radon ointment 100 e.s.u. 
strength tudee a week for 8 hours showed 
onl}' a slight impro^'ement. 

Case 5. A white female, aged 49, treated 
for hyperthyroidism at another hospital. 
Statement made by physician that 300 r were 
given to each of 4 portals in 1939; 1 of the 4 
10 X 10 cm. portals had a severe reaction. 
The factors used were: 135 kv.p. at 30 cm. 
with 4 mm. A1 filtration. In 1943, this area 
showed late irradiation changes and a 2 cm. 
portion of it ulcerated; 100 e.s.u. radon oint- 
ment applied for 8 hours once a week, com- 
pletely healed it. Another area in this 
treatment portal broke down G Aveeks later. 
Similar treatment over a period of 11 weeks 
healed it. 

Case 6 . A white female, aged 43, treated 
for hypertlnToidism. She received 12,000 r 
over the anterior neck through a 10 x 13 cm. 
portal between June 1933 and September 
1944 in 400 r doses. The factors were; 
135 kv.p. at 30 cm. with 0.25 mm. of copper 
filtration. Severe later radiation dermatitis 
developed over the anterior portion of the 
neck in 1942. This ulcerated in 1945. Ap- 
plication of 200 e.s.u. radon ointment once 
a week for S hours jAroduced marked im- 
provement and 2 months later the ulcer 
healed, despite the fact that no further 
radon ointment had been given. Healing 
was complicated by an urticaria produced 
by sensitinty of the skin to adhesive tape. 

Case 7. A white male, aged G9, finst seen 
in 1940 with a basal cell carcinoma on the 
neck which had been present for 12 years 
and had reached a diameter of 4 cm.; 7500 r 
were delivered to the lesion by Chaoul ther- 
apy through multiple portal.- to proA-ide 
unifonn distribution of the aboA*e dose. The 
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factors were: 45 kv.p. with 0.2 mm. of nickel 
at a distance of 3 cm. The lesion healed 
slowlj’’, the result being thin atrophic skin 
over a thick fibrous layer bound down to 
the deep fascia of the neck. It was alwas^s 
nodular. In 1941, a small ulcer developed 
in it and off and on during the next 2 years 
there were recurrent ulcerations in this scar 
that would heal slowly under sulfonamide 
ointments. In Februar3' 1943, 3 ulcers were 
present in the scar, 1 in the mid-line and 

1 to each side of it. Biopsj' showed residual 
basal cell carcinoma in 2 of them. In the 
next 3 months he received weeklj' 8 hour 
applications of 100 e.s.u. radon ointment. 
In July 1943, all the ulcers were healed. A 
small ulcer appeared at the site of the 
pre™us middle ulcer 3 months later and 
in the next j^ear graduall}' enlarged to a 
diameter of 1.2 cm., despite the use of radon 
ointment. In September 1945, it measured 
2x3 cm. 

Case S. A white male, aged 55, first 
seen in November 1941 for a 1.3 cm. basal 
cell carcinoma invohdng the inner canthus 
of the right ej'e. It was treated with 9000 r 
on the Chaoul apparatus in 22 equal doses. 
The factors were: 45 kv.p. with 0.2 mm. of 
nickel at a distance of 3 cm., through a 
portal 2 cm. in diameter. Fifteen months 
later, an irradiation ulcer 1.5 cm. in diameter 
appeared. He had increasing pain for 

2 months. At that time, 100 e.s.u. radon 
ointment was applied for S hours weekly 
for 3 weeks. The lesion was practicall}' 
healed 1 week after the second application. 
It has remained healed. 

C.\SE 9. A white male, aged 62, first seen 
in jMarch 1941, with a 0.75 x 1.5 cm. basal 
cell carcinoma on the right cheek near the 
outer canthus. This was treated with 
487 mg. hours of radium within 3 daj'^s at 
1 cm. distance using 1 mm. platinum filtra- 
tion. This was followed in June 1941 with 
9000 r in 28 equal dailj'- doses using 200 Innp. 
with 2 Thoreous filtration through a 5 cm. 
portal at 25 cm. distance. The lesion was 
entirely healed in Juty 1941, but it broke 
down in Januarj' 1943. At this time 100 e.s.u. 
radon ointment was applied for 8 hours 
weekly for 3 weeks. The lesion was com- 
pletety epithelialized 1 week after the second 
treatment. It has remained healed. 

Case 10. A white male, aged 59. In 
July 1940, be received 6300 r in 4 equal 
weekly doses on the Chaoul apparatus for 


an epithelioma at the base of the right ala 
nasaj. In August 1940, he received 3900 r 
in 3 weekly equal doses using 200 kv.p. 
with 0.5 mm. of copper filtration through a 
portal 5 cm. in diameter at a distance of 
25 cm. The lesion was entirely healed by 
November 1940. The site ulcerated in 
January 1942, and he suffered intolerable 
pain in this area until consulting the authors 
in December 1942 for a 1 cm. ulceration; 
100 e.s.u. radon ointment used for 8 hours 
once weekly for 5 weeks healed the ulcer. 
There was little discomfort after the second 
treatment. 

Case 11. A white male, aged 61. In 
1939 this patient was seen with an 8 x 4.5 
cm. basal cell epithelioma on the left side 
of the nose invoking the cartilage of the 
nose; 2500 r in 13 equal daily' doses were 
delivered at 25 cm. at 200 kv.p. with 0.5 cm. 
filtration. The lesion healed but the patient 
returned with an extensive recurrence with 
further invasion of the nasal cartilage in 
April 1944. He then was ^ven 4300 r on 
the Chaoul apparatus with a daily dosage 
of 500 r. At the same time, 1900 mg. hours 
of interstitial radium therapy was given, 
using 0.5 mm. platinum needles. The lesion 
then healed slowly' and by' January' 1945 
there w'as only' a 0.5 cm. ulcer left. During 
the winter cold weather, it broke down 
rapidly'. Eepeated biopsy' showed no eH- 
dence of malignancy'. In February' 1945, 
200 e.s.u. radon ointment was started and 
24 weekly applications for 24 hours healed 
the ulcer entirely'. 

Case 12. A white female, aged 56. This 
patient had carcinoma of the left breast 
which had developed in 1942. In June 1943, 
there w'as extensive skin involvement with 
a 3 X 4 cm. node in the right upper quad- 
rant that was beginning to ulcerate. Three 
20 X 20 portals over the left breast received 
1400 r each at 200 kv.p., 0.5 mm. Cu filtra- 
tion at 50 cm. In April 1944, there was a 
foul infected ulcer in the left pectoral fold 
3 cm. in diameter and 4 cm. deep. There 
W'as also a cancer encuirasse with nodes m 
the axilla. After secondary' infection was 
cleaned up with zinc peroxide, 200 e.s.u. 
radon ointment was applied for 24 hours 
twice a week for 12 w'eete. *4 senior medica 
student became interested and spent an hour 
daily' dressing patient. Ulcer almost com- 
pletely’ healed. 
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Cask 13. A wliitc male, aged 60. In 
September 1942, he received 3200 r to a 
3x6 cm. portal on the anterior thigh. 
There were 6 equal doses delivered 48 hours 
apart. In December 1943, an ulcer devel- 
oped. This vas treated with 100 e.s.u. 
radon ointment for 8 hours once a week for 
19 weeks and resulted in complete healing. 
The factors were; 200 kv.p. at 15 cm. with 
2 Tliorcous filtration. 

Case 14. A white male, aged 50. Ex- 
perimental irradiation. In Au^st 1942, this 
patient received 3465 r in a period of 15 da5’s. 
There were 6 treatments varjdng in intensitj- 
from 230 r to 924 r; 200 kv.p. was used at a 
distance of 15 cm. with a 2 Thoreous filter 
to a 3 X 6 cm. field. An ulcer developed in 
March 1944; 200 e.s.u. radon ointment ap- 
plied twice weekly for 12 to 24 hours over 
a period of 25 weeks healed the ulcer com- 
pletely. 

Case 15. A white male, aged 49. For 
a neurogenic sarcoma over tiie internal mal- 
leolus of the right leg, the patient received 
in 1932, 6000 r in 8 equal treatments over 
a period of 8 months, 135 kv.p. 30 cm. T.S.D. 

1 mm. of Al, Recurrence in 1935 was re- 
moved surgicall}'. Radiation ulcer devel- 
oped in 1938. This healed slowlj' and spon- 
taneously in the next 2 years. He devel- 
oped a fungms infection over this site in 
1943 in New Guinea and a radiation ulcer 
soon developed. Treatment was started in 
April 1945 with 200 c.s.u. radon ointment. 
It was applied for 48 hours twice a week 
for 1 month. The ulcer was completely 
healed at the end of that time. 

Case 16, A white male, aged 58. In 
1937 and 1938, the patient treated himself 
l,wicc a week on a low voltage therajjy tube 
for dermaphytosis of the feet. No idea as 
to dosage is knowir. In 1944, he developed 
extensive ulceration over the lateral border 
of the right foot. Sixteen bi-weekly treat- 
ments with 200 c.s.u. radon ointment for 
24 hours were entirely incfi'ccfive. Skin 
grafting is to be done. 

Cask IT. A white female, aged 35. This 
patient had a full dose of superficial Roent- 
gen ray therapy for a plantar wart in 1940. 
When the plantar wart recurred, another 
series of Roentgen ray therapy was given. 
Tiu' resulting ulcer never healed and in 
May 1953, when tre.atment vas started, 
there was a 0.5 x 1.5 cm. ulcer on the sole 
of the foot. Twenty weekly treatments 


with 100 c.s.u. radon ointment applied for 
8 hours were a failure. Complete excision 
and skin grafting was done in November 
1943, with a good result. 

Results of Treatment. From January 
1943 until August 1945, 17 cases of late 
radiation necrosis w'cre treated wdtb radon 
ointment in the Department of Radiology 
of this hospital. One of tliese patients 
(Case 2) had a recurrence of his ulceration 
IS Inonths later, wdiile another patient 
(Case 5) developed a second ulcer in 
another previously irradiated area. Of 
the 19 ulcers thus treated, 12 healed com- 
pletely, 2 showed a good response but 
failed to heal completely, while 5 showed 
little or no response. The 2 cases (Cases 7 
and 12) wl)ich sliowed a good response 
but failed to heal completely were Icnown 
to have proven carcinoma remaining in 
the lesion when therapy was instituted. 
Both had inoperable carcinoma that liad 
been subjected previously to lieavy irradia- 
tion. 

Discussion. Our favorable results with 
this method of treatment, while not as 
uniformly successful as tliose achieved by 
Uhlmann,’’-” lead us to believe that ])is 
introduction of alpha particle therapy is 
a new approach and a definite advance in 
the non-surgical treatment of what has 
heretofore been a very discouraging clini- 
cal problem. Wdiile our experience with 
the problem lias been quite limited com- 
pared to Uhlmann’s, we have been able 
to follow our cases quite carefully and to 
satisfy ourselves tliat radon ointment 
shows promise of occupjdng a definite 
place in our therapeutic armamentarium 

One of the most striking features in its 
use was the prompt relief of pain when 
combined with methods for control of the 
concomitant infection. The change in tlie 
mental outlook of the patient was most 
gratifying to the observer. Definite evi- 
dence of healing lias been noted in some 
] week after in.=;titution of treatment. 
Such early response augurs for rapid and 
coinjik'tc recovery, and the repair process, 
once begun, m.ay continue even tlmugb 
the radon ointment is no longer applied. 
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In some instances, however (Cases 11 and 
14), persistence over a long period of time 
was rewarded by disappearance of tlie 
ulcer. A favorable response to therapy is 
manifested by increased vascularity in 
the previously avascular ulcer bed where 
slight trauma, such as removing fibrinous 
exudate, will produce bleeding. One may 
observe the appearance of small capillaries 
or exuberant granulations at the periph- 
ery of the ulcer. In some cases, however, 
tlic changes are quite minimal and the 
repair process is insidious. In 2 of our 
eases (Cases 5 and G) complaint of pruritus 
WHS soon followed by healing. 

Apparently any area of the body is 
amenal)lc to treatment. It should be 
noted that most of our failures have oc- 
curred on the hands and on the feet. This 
may be related to the question of dimin- 
ished blood supply, vascular stasis, lack 
of adetpiatc connective tissue stroma, or 
possibly neurotrophic factors. 

Meticulous care in the control of infec- 
tion, eradication of slough, and the cleans- 
ing and dressing of a wound may yield 
gratifying results in what ai^peans at first 
glance to be a hopeless situation. Case 12 
had been heavily irradiated elsewhere, for 
what was an inoperable carcinoma of the 
breast. She subsequently developed a 
deep indolent foul-smclling ulcer in the 
anterior axillary fold. The surgeons 
refused' to perform a palliative simple 
mastectomy because of the ulcer, and she 


was referred to our department for treat- 
ment. For a period of about 4 weeks she 
received daily applications of zinc per- 
oxide paste, followed subsequently by 
sulfallantomide ointment. At the lime 
of her death, due to metastases, the ulcer 
had almost completely healed, despite the 
presence of residual malignancy in the 
breast. 

While we have encoiintcred no \mtoward 
effects from the treatment with radon 
ointment, its potential dangers should be 
appreciated, both for the physician and 
the patient. On testing jionnal individ- 
uals, it has been noted that a definite 
skin erythema was produced in 8 hours 
in some cases.® Thus, it behooves the 
physician to avoid contact with a material 
to which he may be exposed many weeks 
in the year. When not in use, the material 
.should be stored under lead protection for 
detectable gamma radiation has been ob- 
served by us by the use of appropriate 
instruments such as the Geiger counter 
and the Victorcen minoinetcr. 

Summary. 1. Seventeen cases ])resenl- 
ing 19 late irradiation idcci’s were treated 
with a new therapeutic agent— radon oint- 
ment. 

2. Twelve of the ulcerations showed 
complete healing in a period ranging from 
3 to 50 weekly aiqdications. 

3. Two lesions having re.sidual malig- 
nancy showed a good response but failed 
to heal completely. 
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ADDISON’S DISEASE IN THE NEGRO 
By Jerome W. Conn, M.D. 
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ANN ARDOR, .MICHIGAN 

(From the Department of Internal Medicine. University of Michigan Medical School) 


Froji the very small number of case 
reports which can be found in the literature 
one gains the impression that the occur- 
rence of Addison’s disease in the Negro is 
e.\'tremely rare. This conclusion is some- 
what surprising since the incidence of 
tuberculosis (one of the major causes of 
destruction of the adrenal glands) is 
greater in Negroes than in whites. That 
one is not justified in using the total num- 
ber of cases reported in the literature as 
an index of the rarity of a disease seems 
obrious. If one assumes that the occur- 
rence of Addison’s disease in the Negro 
is far greater than would be indicated bj’’ 
the 21 cases reported in medical literature 
of the world since 1907, one may specu- 
late: (1) that many cases so diagnosed 
have seemed to be of insufficient interest 
to warrant their being reported; (2) that 
physicians who make the diagnosis are 
unaware of the paucity of reported cases; 
or (3) that the disease appears to be rare 
in Negroes because the diagnosis is usu- 
ally missed. We believe that all 3 have 
contributed, but that the third is the 
reason of greatest importance. It is easily 
understandable that when dealing m'th 
Negro patients the possibility of Addison’s 
disease would suggest itself less frequently 
than in the case of whites, since pigmenta- 
tion of the skin is usually one of the most 
striking manifestations of the disease. 
Because we feel that it is timely that this 
problem be brought to the attention of 
the practicing physician we are adding 
5 of our own cases to those already 
reported. 

The first case of Addison's disease in a 
Negro was reported by Scheult,® in 1907. 
Lisa, Solomon and Gordom reviewed the 


literature on this subject in 1942 and 
found 17 reported cases. They added 3 
of their own. From then to the present 
time no additional cases have been de- 
scribed, but Shipley" in reporting upon 
the therapeutic efficacy of pellets of des- 
o.xycorticosterone acetate mentions that 
1 patient in his group was a Negro. 

Our group consists of 3 patients recently 
seen by us on whom the clinical diagnosis 
was made, and of 2 on whom the diagnosis 
was made at postmortem e.\‘amination 
some years ago (the clinical diagnosis was 
suspected in 1 of these). 

Case Reports. Recognized Clinically. 
Case J. J. R., a 42 year old male Negro, 
was admitted to the University Hospital on 
Oct. 7, 1943, complaining of severe weak- 
ness, anore.ria, nausea and vomiting, chronic 
cough and pain in the right shoulder. These 
Si’mptoms had begun 2 years preriously 
and had been gradually' progressive. Over 
this period the patient had lost 70 pounds 
of body weight (200 to 130 pounds). Be 
stated he had noticed increased pigmenta- 
tion over the dorsum of the hands, the 
elbows and the nipples. On the initial 
examination he was found to be drowsy' ana 
lethargic. The blood pressure in the supine 
position was SO/aS. There were large irregu- 
lar patches of pigmentation on the dorsum 
of the tongue (up to 1.5 cm. in diameter). 
Marked pigmentation of the gums, palate 
and buccal mucosa was present. ^ 
Laboratory studies revealed a plasma NaCl 
of 403 mg. %, N.P.N. 4S.5 mg, %, fasting 
blood sugar 52 mg. %, and a water tet 
markedly positive in both phases. The unne 
was negative and there was a moderate hy’po- 
chromic anemia. . . 

A good rise in blood pressure and gam m 
strength followed 3 days of treatment vn 
desoxycorticosterone acetate (D.C.A.) an 
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NaCl. On the 6th day he developed chills 
and fever with clinical and Roentgen ray 
evidence of a right basal pneumonitis. 
Lethargy, asthenia and hypotension return- 
ed. Recovery followed intensive therapy 
with saline, glucose and adrenal cortical 
extract intravenously; D.C.A. and adrenal 
cortical extract intramuscularly; and sulfa- 
diazine orally. He was discharged on 3 mg. 
D.C.A. daily, apparently well (B.P. 115/80), 
having gained 11 pounds in weight. 

On 2 subsequent occasions he has been 
hospitalized for the treatment of infection 
(upper respiratory infection in 1944 and 
osteomyelitis of a finger in 1945). On each 
of those admissions the findings of acute 
adrenal cortical insufficiencj’' were present 
and responded to adequate theral)J^ 

Repeated sputum concentrates and cul- 
tures have been negative for acid-fast 
organisms. The Congo red test was negative. 

At present the patient weighs 197 pounds 
and is doing full time light work without 
undue fatigue. His blood pressure has been 
.stabilized at about 135/80 with the use of 
3 mg. of D.C.A. daily. He takes a high 
carbohj'dratc diet (without salt supplement) 
which includes a late evening feeding. 

Case 2.— E. H., a .50 year old male 
Xcgi’o, was admitted to the University 
Hospital on Oct. 20, 1944, comj)laining of 
weakness and vomiting. His symptoms had 
begun about 1 year before, during which 
interval he had lost 45 pounds in weight. 
For 1 month prior to admission his asthenia 
had progressed to the point of virtual com- 
l)lctc prostration. Roth he and his family 
volunteered the information that his skin 
had become darker over the past few months. 

Exatninadon revealed a man who ap- 
peared much older than his stated age and 
who spoke in a very feeble voice. The 
blood ]irc.ssurc was 80/50. The skin was 
that of a dark Negro. There was marked 
pigmentation of the mucous membranes of 
the nmuth. Large, irregular patches of pig- 
mentation covered most of the dor.cal sur- 
face of the tongue. 

I.dhoralorii studies .showed a plasma NaCl 
level of 48.5 mg. U. N.F.N. of 41.5 mg. 
IT-ketosteroid excretion of 3.1 mg. per d.ay 
and a water tesH markedly irosilive in both 
pha'-'es. C'iiC'-t Roentgen r.ay showed no 
evidence of active pulmon.arx’ disease. On 
.admis>ion, the blood showixl a hemoglobin 
of 113' ;- with 5.9 million R.B.C. per c.mm. 


After hj^dration these levels were found to 
to be 89% and 4.6 millions respective!}'. 
The urine was essentially negative. 

After 4 days of treatment with desoxj'- 
corticosterone acetate and salt, appetite 
began to return and the blond pressure stood 
at 125/80. There was a gratifyuig sjmipto- 
matic response. He was discharged after 
31 days of hospitalization feeling well and 
strong, having gained 10 pounds in weight 
(without evidence of edema) with a B.P. of 
120-130/70-80, and taking a daily mainte- 
nance dose of D.C.A. When he had failed 
to return for reexamination 2 months after 
discharge, it was discovered that he had 
died in another cit}’. On discharge, he had 
•not been given sufficient D.C.A. to last for 

2 months. No aidopsy had been done and 
little infonnation could be obtained regard- 
ing the circumstances of his death. 

Case 3.— V. hi., a 36 j'ear old Negress, 
was admitted to the University Hospital on 
Sept. 10, 1942, with complaints of weakness, 
weight loss, anorexia, nausea and backache. 
These s3'mptoms had begun in mild form 

3 years previously and had graduall}' pro- 
gressed. Weight had dropped from 189 to 
115 pounds over this period. A hystcrec- 
tom}' liad been done elsewhere 1 year before 
admission. The weakness and gastro-intes- 
tinal syjnptoms had increased markedly in 
severity since her operation. 

Exavwxalion revealed an emaciated, de- 
hydrated Negress who showed evidence of 
chronic illness. The blood pre.'sure was 
100/65. No other physical abnonnalities 
were observed. Comjfiete gastro-intestinal 
Roentgen rays showed 10%, gastric reten- 
tion in 6 hours. Gastroscopy revealed only 
atrophic gastritis. Chest Roentgen ray was 
negative. Pelvic e.xamination was likewise 
negative. There was a moderate hy})o- 
chromic anemia. Urine was negative. The 
water test^ was strongly jiositive in both 
phases. A persistent daily elevation of 
temperature to 100° to 101° F. was present 
throughout the hosjntal .stay. This was 
associated with a white blood cell count 
varx-ing from 6000 to 10,000 per c.mm. 
Miliary ttjbcrculosis was suspected but not 
confinned clinically. 

The patient remained in the hospital for 
only 9 days of therapy for adrenal cortical 
insufficiency. Although a ri^e of blood pres- 
sure to 120,'SO occurred, clinical improve- 
ment xvas not impressive. The lack of a 
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more rapid response to specific therapy was 
believed to have been due to the presence of 
toxicity, the cause of which remained ob- 
scure. She was instructed in the use of 
D.C.A. (5 mg. intramuscularly daily), 3 gm. 
of supplementary NaCl daily and a high 
carboh 3 'drate diet. It is doubtful that she 
followed instructions. 

One month later she died at another 
hospital. It was the impression of the at- 
tending physician that she died in Addison- 
ian crisis. Autopsy was not performed. 

Diagnosed Pathologically. Case 4. F. L., 
a 22 j'ear old male Negro, admitted on the 
Dermatological Service of the University 
Hospital on Nov. 20, 1924. Died on Decem- 
ber 23. 

Clinical diagnoses: sacrofuloderma, pul- 
monary tuberculosis and latent syphilis. 

Pathologic diagnoses: generahzed amyloid- 
osis, with virtually complete replacement of 
adrenal cortices by amjdoid. Tuberculous 
osteomyelitis of vertebras (Pott’s disease 
•with psoas abscess). Disseminated miliary 
tubercles in lymph nodes. Serofuloderma. 
"Addison’s disease." ' 

Case 5. J. C., 60 year old male Negro, 
admitted on the Medical Service of the Uni- 
versity Hospital in a moribund condition on 
Dec. 5, 1925. Died the following day. 

Clinical diagnosis: miliary tuberculosis, 
Pott’s disease, chronic fibroid pulmonary 
tuberculosis. 

Pathologic diagnosis: “Addison’s disease.’’ 
Bilateral chronic caseating tuberculosis of 
adrenals with very little adrenal tissue re- 
maining. Chronic pulmonary tuberculosis. 
Generalized miliary tuberculosis (pleura, 
peritoneum, lungs, heart muscle, liver, spleen, 
kidneys and lymph nodes). Tuberculous 
necrosis of third, ninth, tenth and eleventh 
thoracic vertebrae. Pott’s disease. 

Discussion. Although changes in the 
degree of pigmentation of the skin maj^ be 
difficult to evaluate in some Negroes, the 
triad of asthenia, gastro-intestinal symp- 
toms (anorexia, nausea, vomitmg and diar- 
rhea) and hypotension should suggest the 
possibility of adrenal cortical insufficiency. 
Ha-ving thought of this possibility one 
may be aided further by inquiring about 
any recent increase in the degree of pig- 
mentation of the skin. Two of our most 
recent patients volunteered the informa- 


tion that their skins had definitely become 
darker in recent months, particularly over 
the forehead, the dorsum of the hands, 
the elbows and about the nipples. In 
1 case this had been noted by the family 
before the patient was admitted for treat- 
ment. Since patchy pigmentation of the 
buccal mucous membranes occurs physio- 
logically in a large proportion of Negroes, 
this sign (an important supplementary 
criterion in whites) is of little significance. 
We have been impressed, however, by 
the presence of large areas of pigmenta- 
tion on the dorsal surface of the tongue. 
While Monash® reports that some degree 
of pigmentation on the dorsal surface of 
the tongue may be found in 33 % of nor- 
mal Negroes, the intensity of this finding 
in the 2 patients who had noted increased 
pigmentation of the skin, tempts us to 
relate it to the adrenal insufficiency. 
Sodeman* and his staff at Charity Hospi- 
tal in New Orleans •vs’here 55% of admis- 
sions are Negroes inform us that in their 
experience ob'vious pigmentation on the 
dorsum of the tongue of normal Negroes 
is e.xtremeiy rare. 

Incidence of Addison’s Disease in Negroes. 
There are several points of interest which 
militate against the apparent rarity of 
Addison’s disease in the Negro race. 
Thom*® and Blankenhom* have seen a 
number of cases which have not been 
reported. Both feel that the majority of 
cases go unrecognized. Eight unreported 
cases have been diagnosed at Chanty 
Hospital.® Sturgis has seen at least 1 un- 
reported case.® It is clear that a thorough 
survey designed to disclose unreported 
cases w'ould, relatively speaking, skyj- 
rocket the total number of cases^ which 
have been recognized; this despite the 
fact that the majority have undoubtedly 
gone unrecognized. 

The problem of clinical patho- 

logic diagnoses throws additional light on 
the question of the difficulty of clinica 
recognition. Sodeman reports® that o 
4 cases in which there was no doubt o 
the final diagnosis; 3 were diapiosed at 
autopsy and only 1 was recognized clini- 
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cally. Of the 21 cases found in the litera- 
ture, 12 were diagnosed clinically and 9 
were discovered at postmortem examina- 
tion, In the 12 cases diagnosed clinically, 
the average duration of symptoms before 
diagnosis was 16,8 months, the average 
duration of life after diagnosis being 
2,3 months. It should be suggested par- 
entlietically, that the relatively good show- 
ing of clinical versm pathologic diagnoses 
as determined from the literature may be 
more apparent than real. Failures in 
diagnosis are less likely to be reported 
than successful diagnoses. Of our own 
group of 5 cases, 3 were diagnosed clini- 
cally and 2 at autopsy. Thus, the high 
percentage of initial diagnoses made at 
postmortem means that we are missing 
the clinical diagnosis too frequently. How 
many times such an undiagnosed Negro 


suggest, at least, that Addison’s disease 
is as common in the Negro as in the white 
race. 

Sex Incidence. The total incidence of 
well-grounded diagnoses of Addison’s dis- 
ease of all races in the 420,-500 registra- 
tions at the University Hospital from 1925 
to 1944 is 0-019%. Of the 78 cases in all 
races 59 % were males and 41 % were 
females. Among the 26 cases in Negroes 
reported in the literature and by us, 65 % 
have been in males and 35% in females. 

Etiology of Addison’s Disease in the 
Negro. Over the past 10 yeare an im- 
pressive change has occurred in the etio- 
logic incidence of Addison’s disease in the 
white race. Wiereas tuberculosis of the 
adrenals formerly comprised SO to 90% 
of all cases examined pathologically, the 
diagnosis of idiopathic adrenal cortical 


Table 1 


.•\H casev mitoppiad 

No. 


Cortic.’il 



ca.'-cs 

Tbc. 

ntrojihy 

Ajnyloido^ix 

Syphilis 

U. of M., 1900-1934 (all races) 

17 

ll(C5%) 

2 (12%) 

3 (17%) 

1 (0%) 

U. of M., 1935-1945 (nil rncc.s) 

11 

0(55%) 

5 (45%) 

0 

0 

NcRroo.s (entire literature), 1907-1915 . 

20 

10(95%) 

0* 

I (5%) 

U. of M. 

0 


Wo nro inforniocl (luit 1 utircporlccl enso seen rcconlly by Sheirfon and Howes* showed idiopathic 
rorlical atrophy at postmortem examination. This occurred in a younc male Nopro soldier in the 
European Thciitro of Operations. , 


patient fails to come to postmortem ex- 
Jimination must remain purely specula- 
tive, but whatever the numl)cr is, it adds 
to our clinical ftiilurcs and to the total 
numltcr of unsuspected eases. There may 
be some hope in the fact that of the 
21 cases reported in tlie literature from 
1907 to 1944, 11 have been reported in 
the last S vears. 

Of 7S cases of Addison’s disease ob- 
served at the University Hospital, the 
5 reported above have occurred in Negroes 
(a ratio of 15.6 white cases to 1 Negro 
CAse). Of the total registration figures at 
this hospital, about 1.7% are Negroes. 
Thus the ratio of whitc.s to Negroes is 
5S.S to 1. If these figures were to be 
taken seriously, they would mean that 
.•\d(iI.«on’s disease occurs about 4 times 
morefnHpiently in Negroes than in whites, 
registered at this hospital. The figures 


atrophy has gradually increased in recent 
years so that it has now .assumed the 
No. 1 position among the various causes 
of adrenal insufficiency, being variously 
reported as occurring in 40 to 60% of all 
cjises. Our own experience in this regard 
is summarized in Table 1 and is compared 
with data now available in the literature 
with regard to Negroes. 

Of particular interest is the highly sig- 
nificant fact that of 7 cases of idiopathic 
adrenal cortical atrojdiy observed in whites 
at the University Hospital over a period 
of 45 years, 5 have occurred over the 
p.nst 10 year period. Speculation in this 
eonnec’tion is beyond the purpose of this 
re}X)rt. 

lhat all of The ca.'-es heretofore reported 
in Negroes have been due to tuberculosis 
is, at le.Tst, somewhat suri>rising. 
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Summary. Five cases of Addison's dis- 
ease in Negroes are described. This brings 
the total number of reported cases to 26. 
There is undoubtedly a much greater 
number of recognized cases which have 
not been reported. Probably the largest 
increment of cases of Addison’s disease in 
Negroes is not being recognized as such. 
It is extremely doubtful that the incidence 
of Addison's disease in Negroes is smaller 
than in whites. Analysis of our owm 
cases leads to the opposite conclusion. 

Increased pigmentation of the skin, the 
most striking hint that the physician may 
be dealing with Addison’s disease in whites, 
is frequently of little or no value in sug- 
gesting this possibility as he examines the 
Negro patient. If, however, he does think 
of this possibility, retrospective informa- 
tion from the patient with regard to 
increased pigmentation of the skin may 
be helpful. In addition to the usual 
cardinal signs and symptoms of adrenal 


insufBciency marked pigmentation on the 
dorsal surface of the tongue may be a 
significant finding. 

All of the cases reported in the literature 
upon which a pathologic examination was 
made were found to be due to tubercu- 
losis of the adrenals. One of oirr cases 
was due to amyloidosis of the adrenals 
giving a total etiologic incidence on all 
20 autopsied cases of 95 % for tuberculosis 
and 5% for amyloidosis. From the 
information at hand it would appear that 
idiopathic atrophy of the adrenal cortices 
(which now accounts for about 50% of 
all cases in whites) is either non-existent 
or extremely rare in the Negro. This is 
probably not a valid conclusion. 

Conclusion. Physicians must be on 
guard for the recognition of Addison’s 
disease in the Negro, which is in all proba- 
bility much cpmmoner than the number 
of reported cases w'ould indicate. ' 
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USE OF AN AGGLUTINATION INHIBITION TEST IN STUDYING THE 
EFFECTS OF VACCINATION AGAINST INFLUENZA 

By Capt. Alfred L. Florjian, M.C., A.U.S.* 

Agnes Poindexter, A.B. 

AND 

Col. Francis E. Council, M.C., U.S.A, 

PRESIDIO OF MONTEREY. CALIFORNIA 


(From the Virus Soolion, Ninth 

A READILY available method for meas- 
uring influenzal antibodies is based upon 
the inhibition by convalescent or immune 
sera of the agglutination of chicken and 
certain other red blood cells in the presence 
of influenza viruses. A modification of 
Hirst’s® original agglutination-inhibition 
(A-I) technique tvas described by one of 
us 2 years ago, together with an account 
of its use in studying an epidemic due to 
influenza Type A.® The present communi- 
cation is to report some observations made 
with this test following vaccination against 
influenza Types A and B. 

Attempts have been made to produce 
active immunity to influenza with specific 
vaccines ever since ready sources of these 
viruses became available.®-’®'*® Although 
the early results were not very satisfactory, 
they tended to indicate that height of 
sjiccific antibody level and protective im- 
munity were proportional, and that the 
more virus pre-sent in a vaccine the better 
it was as an immunizing agent. The most 
]n'omising one yet to be made available on 
a large scale was a concentrated prepara- 
tion containing 2 Type A strains (PR-S 
and ^Ycis.s) and 1 Tyiic B (I^c). The 
viruses were concentrated from allantoic 
fluids of embryonated eggs and killed with 
formalin. This vaccine Avas studied c.v- 
tensivcly by the Influenza Commission of 
the United States Army during 1913 and 
Over OdOO students Avcrc 
vaccinated at S colleges scattered through- 
out the country. An equal number at 
each of these institutions wa.«i studied as 
contml.s. The antibody response to the 
vaccine was comparable to tliat produced 

• n.iiJn".'- Hr.sntal of R.M'kcfoncr Ir.*t 


Service Command Laboratory) 

by natural infection and almost all those 
vaccinated developed an increase in A-I 
antibodies for both PR-S and Lee. Indi- 
viduals with higher pre-vaccination titers 
tended to show relatively smaller increases. 
Peak titers were reached by 2 to 3 weeks. 
Wien sera were obtained and re-tested 
after 3 to 4 months, a 15 to 30% fall in 
antibody level was noted. In a subsequent 
Type A epidemie approximately 2.5 times 
as many cases occurred among the con- 
trols as among the vaccinated, an incidence 
of 8.3 % in contrast to 3.3 %. The poorest 
results were obtained when the vaccine 
was given about G weeks before the start 
of the epidemic,'* then 4% of those vac- 
cinated and G% of the controls developed 
influenza. The best rc-sults were shown 
when the vaccine was not given until after 
the epidemic had already started. At one 
such institution” only 1.7% of those vac- 
cinated became ill in contrast to 8% of 
the controls. There was definite protec- 
tion by the end of 1 week. 

In the fall of 1945, in the face of a 
rising incidence of influenza, mostly due 
to a Type B virus, the .Army directed that 
this vaccine be administered to all of its 
personnel. Although the subsequent rapid 
demobilization of military installations 
interfered with original plans for a large 
.scale cooperative study of this mass im- 
munization by this anri 2 other labora- 
tories in this area, it was possible for us 
to follow a local group carefully and to 
carry out the .studies which are the subject 
of this report. 

iiuto for .Mc-.iiral IL-o.iri'h. New York Ciiy, N, Y. 
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Materials and Methods. Study Group. 
Adequate information and sera were avail- 
able from 89 indmduals. Of these, 30 were 
members of this laboratory staff and the 
remaining 59 were corpsmen at a nearb}"^ 
Army hospital. Their average age vas 20 
to 30 years. 

Vaccine. Influenza Virus Vaccine Types 
A and B. Refined and Concentrated (Led- 
erle — Lot No. 2031-27A) was used. Each 
subject was given 1 ml. subcutaneously in 
the deltoid region. 

Sera. Blood specimens were collected at 
the time of vaccination and again after 1 
and 3 weeks. Each serum was separated 
and withdrawn shortly after collection and 
stored in the refrigerator in vials containing 
sulfanilamide as a bacteriostatic agent. 

Agglutination-Inhibition Test (A-I) Test. 
The modified Hirst A-I technique reported 
earlier from this laborator3'5 was used 
throughout. All specimens from an indi- 
vidual were tested at the same time. ICnown 
positive sera were always included. If the 
titers obtained with these controls differed 
by more than one dilution, the tests w’ere 
repeated. Only 4-fold or greater rises in 
antibody were considered significant. The 
PR-8, Weiss and Olson (Tj-pe A) strains 
and the Lee (Tj^pe B) strain were obtained 
from Dr. M. D. Eaton (State Virus Labora- 
torjq Berkeley, California). The Saba 
(Tj-pe B) strain was received from Lt. M. 
M. Sigel (5th Serrice Command Laboratory, 
Fort Benjamin Harrison, Indiana). 

Records. At the time of vaccination each 
subject was questioned in regard to recent 
influenza, prerious respiratory infections, 
and aUerg}' to egg protein. The members 
of the laboratory staff who were in the stud}'^ 
were inter^newed 24 and 72 hours after 
vaccination. The others were questioned in 
regard to reactions to the vaccine at the 
time the 1 week post-vaccination specimen 
of serum was collected. The subjects on 
the laboratory staff were instructed to report 
to one of us vdth all subsequent illnesses. 
In those instances which clinicallj’’ resembled 
influenza, throat washings, and acute and 
convalescent phase sera were collected for 
study. Approximately 12 to 14 weeks later 
follow-up interriews were held noth slightly 
more than half of the entire group. 

Plan of Study and Results. Relation of 
Type of Reaction to Vaccine to Pre-vacdna- 


tion A— I Antibody Level. Beveridge and 
BumeB while studjdng the effects of intra- 
dermal inoculation of influenza riruses 
observed that allantoic fluids infected 
with influenza mrus A or B produced a 
cutaneous reaction in most adults and in 
some children. In these children it was 
usually associated with the corresponding 
type of circulating antibody. This sug- 
gested to us that reactions following the 
subcutaneous administration of influenza 
vaccine might be similarly related to 
already present antibody. To investigate 
this possibility, the reactions e.xperienced 
by our subjects were analyzed in terms of 
each individual’s pre-vaccination titer of 
specific A-I antibody. 

Appro.ximateIy two-thirds of the study 
group complained of an untoward reac- 
tion nothin 4 to 24 hours following vac- 
cination. Although the kinds of reactions 
experienced were similar to those pre- 
viously reported with this vaccine, their 
distribution was quite different. Fifteen 
(17 %) developed only local reactions; 34 
(38 %) complained only of systemic symp- 
toms ranging from transient malaise to 
fever lasting 6 to 24 hours; and 9 (10%) 
had both local and systemic signs and 
symptoms. None required hospitalization. 
Thirty-one (35%) did not complain of 
any reaction. We followed the classifica- 
tion used by Eaton and Meiklejohn,'* and 
yet the 17 and 38% (or including com- 
bined reactions, the 27 and 48%) of our 
89 subjects who experienced local and 
systemic reactions respectively are very 
different from the 31 and 23% of their 
116 wdth such complaints. Other observ- 
ers have reported still different distribu- 
tions. Rickard, Thigpen and Crowley^ 
found that 91% of 550 college students 
had local and 18 % had generalized sjunp- 
toms. Some of these differences may be 
a reflection of the manner of questioning 
the subjects, but it is difficult to account 
for the majority. It was hoped therefore 
that serologic analysis would yield perti- 
nent information. In Table 1 there are 
the results of testing the pre-vaccination 
sera of the indiriduals in the group classi- 
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fied according to reaction to the vaccine. 
Unfortunatelj', no fundamental differences 
are apparent except in regard to PR-S 
antibody among those who had local com- 
plaints. However, there were only 15 
indiidduals in this group. It would seem 
therefore that except for this one possi- 
bility, which must be studied further, there 
is no relation between an indhadual’s pre- 
vaccination titer and the likelihood of his 
experiencing an untoward reaction from 
the vaccine. 


Table 1. Relatively fewer of those who 
experienced local symptoms developed 4- 
fold or greater rises in antibody titer for 
PR-8. However, as already noted, this 
group had proportionately more indrad- 
uals with higher initial levels for this virus. 
These results are therefore compatible 
noth the observation that increase in A-I 
antibody titer following infection or vac- 
cination tends to be inversely proportional 
to initial antibody level. Similar consid- 
eration of the other groups failed to reveal 


Table 2. — Representative Variations in Antibodt Response to Vaccine 

A B 

after /■ * — ^ 



vaccination 

PR-8* 

TTciM 

(Olson) 

Lee 

(Saha) 

No. 513 . . 

... 0 

<8 

<8 

<8 

16 

<S 


1 

128 

64 

16 

128 

32 


3 

1024 

512 

128 

256 

)2S 

Profilet • 



+ 

d" 

4- 

+ 

+ 

No. 235 . . 

. , . 0 

16 

32 

8 

16 

S 


1 

64 

64 

32 

64 

32 


3 

64 

64 

32 

12S 

256 

Profile . 



+ 

- 

"f 

+ 


No. 236 . . 

... 0 

<8 

<8 

<8 

<8 

<8 


1 

8 

S 

8 

S 

S 


3 

S 

32 

16 

512 

128 

Profile . 



— 

-b 

+ 

+ 

+ 

No. 522 . . 

, . . 0 

32 

8 

8 

<8 

<s 


1 

I2S 

16 

S 

8 

<8 


3 

256 

64 

32 

16 

8 

Profile . 



-b 

+ 

+ 


““ 

No. 531 . . 

. . . 0 

8 

32 

8 

16 

<s 


1 

8 

32 

S 

32 

8 


3 

16 

64 

16 

128 

64 

Profile . 

. . 

- 

- 

- 

4~ 

+ 

No. 241 . . 

. . . 0 

32 

16 

S 

16 

16 


1 

32 

32 

16 

32 

32 


3 

32 

32 

16 

32 

64 

Profile . 

. . . . . 

— 

— 

- 

— 

4* 

No. 215 . . 

... 0 

S 

32 

32 

16 

32 


1 

16 

64 

64 

32 

32 


3 

16 

64 

64 

32 

32 

Profile . 

, . . * . 


... 

— 

— 



* Vims strains in italics are those contained in the vaccine. , 

t "Profile” represents pattern of significant changes in A~I antibody levels produced by %*accinatJOn. 


Relation of Reaction to Vaccine to Anti- 
genic Stimulation. To investigate the pos- 
sibility that the capacity for antigenic 
stimulation by the vaccine might be re- 
lated to the immediate reaction it elicits 
in an individual, the changes in A-I anti- 
body 3 weeks after vaccination were com- 
pared for each of the groups indicated in 


any correlation between reaction and 
increase in A-I antibody. The reactions 
of those who at the end of 3 w'eeks bad 
attained an A-I titer of 1:256 for one or 
more of the viruses in the vaccine were 
then analyzed separately. There were 
37 individuals with such high levels. 
Among this group of good antibody pro- 
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ducers there were 13 (35%) without any 
reactions, 5 (14%) with local, 15 (40%) 
with systemic, and 4 (11%) with com- 
bined reactions. Although this represents 
only 42% of the entire study group, the 
distribution of reactions is strikingly simi- 
lar to that shown in Table 1. 

Relation of Prc-taccinaiion History to 
Initial A~I Ajiiibody Levels. In an attempt 
to find an explanation for the considerable 
variation in pre-vaceination A-I titers, 
our data were analyzed in terms of the 
histories of upper respiratory infections 
obtained at the time of vaccination. There 
were 31 who reported having frequent 
upper respiratory infections and 9 who 
gave a history of having had influenza 
during the preceding 2 years. But among 
the former 31 there were 20 (04%) initial 
A-I antibody titers of 1:10 or less for 
PR-S, 25 (Sl%) for Weiss, and 20 (04%) 
for Lee. Among the 9 with histories of 
recent influenza there were G with such 
low le\'cls for PR-S, 0 for ll^ciss, and 5 
for Lee. This distribution is almost identi- 
cal with that for the study group con- 
sidered as a whole (Table 1). 

Rickard, Thigpen and Adams’^ while 
studying influenza Type A in 5 infants 
found that the acute phase A-I titers 
ranged between 1;2G and 1:79. Since 
these infants were too young to have been 
exposed to a previous influenza epidemic, 
they suggested that the base line titers 
might represent non-specific inhibiting 
stibslance similar to that found in the 
scrums of some normal laboratory ani- 
mals. It is entirely po.'^siblc that some 
of the lower pre-vaccination titers found 
in our adults were also of this nature. 
Nevertheless, despite our inability to cor- 
relate them with influenza or re.^piratory 
itifections which the subjeet.s recalled, 
most of the higher pre-vaccination titers 
probably still reflected previous clinic.'il or 
sub-elinieal infhienzal infections. 

Time of .Ijtprautrcr of Antilmlics. Siiux* 
it bad been reported^ ” that this vaccine 
gave significant protection by the end of 
1 week against infection by a Tvpe vinis, 
we attempted to determine the time of 


appearance of increase in the several A-I 
antibodies it elicited. There were SG indi- 
viduals from whom pre-vaccination, 1 and 
3 tveek post-vaccination serum specimens 
were available. Analysis of our data sug- 
gests that the A-I antibodies for Type A 
tend to appear earlier than those for 
Type B. Thirty-two (37 %) attained their 
highest level for a Type A strain in 1 week, 
while only 21 (24%) did this for the 
Type B virus. Of those reaching their 
peak titer in 1 week for only 1 strain there 
were 17 (20 %) for Type A, and G (7 %) for 
Type B. 

Relation of 3 Week Post-vaccination A-I 
Titers to Incidence of Snbscqncni Respira- 
tory Infections. Between 1 1 and 14 weeks 
after vaccination it was possible to inter- 
view 52 of the group in regard to their 
general well-being. Thirty-three reported 
no respiratory illnesses while 19 complain- 
ed of having had “colds.” Eight said that 
they had had more “colds” than during 
the preceding 5 years. Yet 11 of the 19 
with histories of subsequent respiratory 
illnesses produced A-I titers of 1:25G, or 
above, for 1 or more of the viruses within 
3 weeks after vaccination, while only 9 of 
the 33 who did not develop upper respira- 
tory infections developed such high anti- 
body levels. Although the majority of 
these infections was probably not influ- 
enza, we did ha\'c 2 serologically proven 
instances due to a T^q^e B virus among 
the 30 individuals in the laboratory. Both 
of these illnesses were associated with low 
grade fever, malaise and leukopenia and 
were in men who had not produced high 
levels of B antibody after vaccination. 
The results of tasting their pre-vaccina- 
tion, post-vaccination, acute and convales- 
cent phase sera against the Lee virus are 
contrasted in Chart 1 with those of another 
.subject who was sick at about the same 
time with an illness later diagnosed as 
“bronchitis.” 

EfTert of Vaccinaiian on H'rnlnyic Test 
for Sypliili.<^. Since no information w.a.v 
available as to the eflect of this vaccine 
and the resultant increase in .-V-I anti- 
bodies on a serologic test for syjfliiiis, 



414 


FLOHMAN, POINDEXTER, COUNCIL: 


Lt._ Annis WUkerson, WAC, kindly ex- for PR-8 3 weeks after vaccination, 65% 
amined 2 or more sera from 59 of these for Weiss and 81 % for Lee. It was also 
subjects in the standard Kahn floccula- found that whereas only 9 individuals 
tion test. By 3 weeks, when the great attained post-vaccination titers of A-I 
majority of false positive reactions follow- antibody of 1:256, or greater, for PR-8 
ing smallpox vaccination are noted,’® none and for Weiss, there were 31 with such 
had shown any change. levels for the Lee virus. 

Antigenicity of the Vaccine. ^^Tien the One of the most important considera- 
3 week post-vaccination sera were com- tions for any vaccine is the broadness of 
pared with those obtained at the time of the antibody response it stimulates. Al- 
vaccination, a 4-fold or greater rise in anti- though the specificity of influenza wruses 
body was found for at least one of the is less evident with human sera than vith 
component antigens in 83 (93 %) of the those from animals, it is well established 
study group. There were 55 individuals that a satisfactory vaccine for clinical use 



Chart 1. — Efiect of vaccination and subsequent respiratory illness on A-I antibody for Type B 

(Lee) influenza. 

(62 %) who developed significant increases must contain both A and B strains. It is 
for both a TjTpe A and the Type B strains, perhaps not so well recognized that there 
Eighteen (20 %) showed such a rise for the are definite antigenic differences among 
Type B virus alone and 10 (11%) did so individual members within these types, 
only for a A strain. There were just However, it was this that prompted the 
6 (7 %) in whom the vaccine failed to elicit inclusion of the Weiss Tj^ie A strain, 
any significant rise in antibodJ^ which had been isolated in Alichigan early 

We have no data available as to the in 1943,’® in the vaccine along with the 
actual amount or distribution of specific well-established laboratory strains, PR-S 
influenza virus protein in the vaccine, and Lee. 

However, if one accepts the resultant A-I In order to examine the vaccine^ m 
titers as indications of antigenicity, inter- respect to this broadness of antigenicity, 
esting results are obtained. In Table 1 we subjected the sera from our groups to 
it is shown that 56% of the entire ^oup A-I tests against 2 recently isolated mflu- 
had 4-fold or greater rises in A-I antibody enza mruses. As a representative o 
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Type A the so-called Olson strain was 
obtained from Dr. M. D. Eaton who had 
isolated it from a patient in California 
during the fall of 1943.'* The Saha, Type 
B, strain was obtained from Lt. M. M. 
Sigel who had isolated it during an out- 
break at Camp Atterbury, Indiana, in the 
spring of 1945.*® 


Type B. It shows that in general the 
pre-vaccination antibody for the 2 A 
strains which are in the vaccine (PR-8 
and Weiss) and for the test strain (Olson) 
are quite similar. However, the antigenic 
stimulation for Olson is less striking than 
for either of the other 2 strains. There 
were 9 individuals who attained levels of 



Lrendi 0= D^Four fold cr creator 0-Fir.al level 

studied increase in titer 1{256 or creator 


= « Str.-vir.s of virus in vaccine — rStr.iins of recently isolated virus 
Cii.MiT 2.— Coinjinrative anticenicity of component*; of vaccine. 


In Chart 2 there is .'Jiimmariml for com- 
parison the tilers obtained at the time 
of vaix'inalion and the antibody increases 
evoked by vac'cination. Such compara- 
tive data was available for S9 individuals 
for the Type .4 .strains and for 40 of the 


1 ;2.5G or greater for PR-S and for Weiss, 
but none who did so for Olson. In con- 
trast both the pre- and post-vaccination 
levels for the Ix*c and the test strain 
(Saha) arc quite similar. There were 14 
iiulividuals who attained post-vaccination 
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levels of 1:256 for Lee and 13 for Saha. 
It would seem that either the Saha strain 
is antigenicalij' more nearly like the Lee 
than the PR-S and Weiss are like the 
Olson, or that the antibody response 
evolved by the Lee virus is not only 
quantitatively greater, as has already 
been shown, but also is immunologically 
broader than either of the A strains in the 
vaccine. 

Individual Variations in Response to 
Antigens. As has already been indicated, 
there were marked differences in the man- 
ner in which individuals responded to this 
vaccine. Some produce significant in- 
creases in antibody for all of the compo- 
nents, while others did so for only certain 
ones. There were even a few who did not 
apparently respond to the antigens ad- 
ministered but did demonstrate 4-fold, or 
greater, increase in antibody when tested 
against the Olson or Saha strains. In 
Table 2 there are listed a few representa- 
tive types of response by individuals all 
of whom initially had low A-I titers. If 
the amount of circulating A-I antibodj' 
produced is proportional to an indi^^dua^s 
protection against infection, this varia- 
bility of immunologic response is a serious 
failing of the present vaccine. 

Discussion. The all important question 
of whether this vaccine protects against 
an epidemic of influenza due to a Type B 
%’irus could not be answered because of 
the limitations imposed by the size and 
nature of the study group. However, with 
the aid of the A-I test it was possible to 
gather immunologic data and to attempt 
a correlation noth clinical observations. 

It is perhaps significant that the 2 
proven instances of Type B influenza were 
in men who had failed to develop high 
levels of antibody for the B component 
of the vaccine. These unpredictable re- 
sponses present a difficult problem. 

Every comprehensive studj'' of human 
antibody response to an immunizing agent 
has uncovered a proportion of individuals 
who develop little antibody and there 
were a few such non-reactors in our group. 
Effective immunization against influenza 


is probably impossible for them.® Our 
data also indicates that there are indi- 
viduals who respond only to certain parts 
of the mosaic of antigens which make up 
an influenza virus so that they subse- 
quently may have higher levels of anti- 
body for related viruses than for those 
used as antigens. A similar phenomenon 
has been reported in enteric fever.® In 
some instances, especially early in the 
disease, the agglutination titer with the 
homologous Salmonella is much lower than 
with a related type. The effect of this 
kind of reaction on protection against 
future influenzal infections is not yet 
knovm. It awaits further study. 

Summary. 1. Immunologic data were 
obtained with the aid of an agglutination- 
inhibition (A-I) test from S9 indinduals 
who had been given a concentrated inSu- 
enza virus vaccine containing 2 Type A 
(PR-8 and Weiss) strains and 1 Type B 
(Lee). 

2. This information was analyzed in 
relation to clinical observations associated 
with the administration of the vaccine. 

3. Almost two-thirds of the ^oup com- 
plained of either local or systemic reactions 
shortly after vaccination. How’ever, these 
symptoms did not seem to be the result 
of an antigen-antibody reaction involving 
A-I antibody' since the distribution of pre- 
vaccination levels of antibody was in gen- 
eral similar among those w’ho did not have 
such complaints as among those ■who did. 
Neither was it possible to associate an 
individual's immediate reaction to the 
vaccine with bis subsequent production of 
antibodies. 

4. Two serologically' proven instances o 
Type B influenza infection occurred during 
the 5th week following vaccination. Bot 
were in men who had not produced lug 
levels of antibody' for the B component o 
the v'accine. 

5. A-I antibodies for the Type A virus^ 
tended to appear earlier than for Type B- 
There were 17 individuals (20%) 
reached their peak level for a Type 
strain only' at 1 week, but just G (7%) v m 
did so for the Ty-pe B. 
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G. Administration of tlie vaccine and 
the resultant changes in A-I antibodies 
did not cliange the Kalin flocculation sero- 
logic test for syphilis reagin titer in the 
59 individuals so studied. 

7, By 3 weeks after vaccination, 83 
(93 %) of the group had developed 4-fold, 
or greater, rises in antibody for at least 
1 component of the vaccine. There were 
5G% who did so for PR-8, 6.5% for Weiss 
and 81 % for Lee. Although only 9 indi- 
viduals attained titers of 1:25G for PR-S 
and for Weiss, 31 did so for Lee. 

8. The sera were also tested against 
recently isolated Type A and Type B 
viruses (Olson and Saha) in order to study 
the broadness of antiiiody response. The 
results indicated that cither the Saha 
strain is antigenically more nearly like the 


Lee than the PR-8 and Weiss are like the 
Olson, or that the antibody response evok- 
ed by the Lee \drus is immunologically 
broader than that of the A strains in the 
vaccine. 

9. Individual variations in serologic 
response to the vaccine were striking. 
Among those who responded there were 
some who did so to all of the components 
of the vaccine, some who did so only to 
certain ones, and a few who did not pro- 
duce antibodies to the viruses in the vac- 
cine as well as they did for the related 
Olson and Saha strains. The unpredicta- 
bility of this phenomenon presents a seri- 
ous problem if the level of circulating A-I 
antibody produced is indicative of the 
amount of protection against infection 
afforded by a vaccine. 


Tlic tochnic.al assistance of Sgt. Fred Trader, Miss Frances Condic and Mr. .John Long was helpful 
in completing these studies. The charts were photographed by the U. S. .-V. Signal Corps. 
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E3FEECTS OF PEOSTIGJtIN 


THE ELECTROCARDIOGRAPHIC EFFECTS OF PROSTIGMIN* 

By Da'\td Goldfingeb, M.D. 

Paul H. Wosika, M.D., Ph.D. 

CHICAGO, ILLINOIS 

(From the Departments of Medicine of The Chicago Medical School, and The Illinois Masonic Hospital) 


Tachycardia remains a difficult prob- 
lem therapeutically and often interferes 
mth the proper evaluation of the myo- 
cardial status in the interpretation of 
the electrocardiogram. Removal of the 
cause of the increased heart rate is to 
be recommended, but frequently, no cause 
is found. Recently, reports®''*'® have ap- 
peared extolling prostigmin for all forms 
of tachycardia, including: simple or sinus; 
paroxysmal, ventricular or supraventricu- 
lar, whether functional, organic or idio- 
pathic. If this material is effective for 
the purposes recommended, it deserves 
wider use, not only as a therapeutic 
measure, but, as a diagnostic aid, since, 
electrocardiographically, a more accurate 
appraisal of the myocardium should be 
possible through slowing of the rate. 
The following report is based upon the 
study of 42 patients, appraising the effec- 
tiveness of this drug. 

Material and Method. Patients selected 
for study were from private practice and 
from the cardiac chnic of The Chicago 
Medical School. The tj’pes of conditions 
present maj' be seen in Tables 1 and 2. 
The ages of the patients varied between 11 
and 75 years, with a fairly even distribution 
between the ages of 20 and 70 years. There 
were 15 males and 27 females. 

The patients were not informed of the 
intent of the stud}'. They were conducted 
through the experiment as though it was 
the usual electrocardiographic technique 
employed. After a short rest period, the 
usual leads were taken. Then classical 
Lead 2 was retaken while 2 ampoules of 
1:2000 prostigmin methylsulfatef solution 
(1 mg.) were administered subcutaneously. 
The time of the injection was marked upon 


the film by a standardization. A short 
strip of film (Lead 2) was taken at S minute 
intervals at 5, 10, 15, 20, 25 and 30 minutes 
after the injection, the patient remaining 
in recumbency. 

Results. The effect of prostigmin upon 
the rate of the heart measured electro- 
cardiographically may be seen in Table 1. 
In this table the patients are classified 
according to the clinical diagnosis. It is 
noted that in no instance was the rate 
increased, whereas, in 25 (62%) the rate 
was slowed 20 or more beats per minute, 
and in 10 (24%) the rate was slowed 
between 10 and 20 beats per minute. 
The heart rate remained unchanged or 
was decreased less than 10 beats per 
minute in 6 (14 %) of the patients. 

The greatest effect was usually noted 
in the tracing taken 20 minutes after the 
injection. Occasionally, the most marked 
slowing was noted at 15 minutes, while 
some indi\dduals showed the greatest slow- 
ing after a 25 minute interval. However, 
this variation was slight and for practical 
purposes, one tracing taken after 20 min- 
utes should give the average major re- 
sponse obtainable. Usually, the rate 
increased slightly after 25 minutes, and 
this tendency became pronounced at the 
30 minute interval, indicating the short 
duration of the effect of the drug. 

l^Tien the effect of prostigmin upon the 
cardiac rate was measured according to 
the electrocardiographic classification (sec 
Table 2), again it may be noted that m 
no instance was the rate increased, ^gai 
less of the mechanism present. Using t c 
slowest rate obtainable (usually at f m 

Central Society for CUnical Research, Novc»b<'f 


* "Read by Title at the IS Annual Meeting of the 
2 - 3 , 1945 ” 

t The material used was supplied by Hoffmana-LaRoche, Inc., Nutley, J. 
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20 minute period), 8G% showed a slow- 
ing of 10 beats per minute or more. Fre- 
quently this w'as over 40 beats per minute. 
In 6 instances there was no effect upon 
the rate: namely, sinus mechanism in a 
patient with hyperthyroidism undergoing 
treatment with thiouracil; 2 instances of 
siniis tachycardia in patients with untreated 
hyperthyroidism; paroxysmal auricular 


to a decrease in the rate. Examples are 
shoum in Figure 1. In 2 individuals with 
sinus tachycardia the P waves became 
inverted during the height of the effect of 
the drug. This result was evanescent and 
frequently may have been missed. In 
1 instance (hyperthyroidism. Fig. 1 D), 
the P wave was inverted only at the 
20 minute interval; in the other example 


Tadle 1.— Eitect of PnosTiGMix Upon the IIeaht Rate of 42 Patients Ceassified 

Accohding to Clinical Dl^gnosis 



No. 

Rate 

slowed 

20/min. 

Rate 
slowed 
■JO to 

Rate 
slow ed 
less than 

Rate 

Clinirtil diagnosis 

patients 

or more 

20/min. 

10/min. 

increased 

Neurocirculatory asthenia 

. . 14 

S 

G 

0 

0 

Hyperthyroidism 

. . G 

3 

0 

3 

0 

Rheumatic heart disease 

7 

5 

2 

0 

0 

IIjipertensiA’c Iieart disease 

. 0 

4 

1 

1 

0 

Arteriosclerotic heart disease . 

. . 1 

1 

0 

0 

0 

Coronary arterj'' disease 

. 3 

2 

0 

1 

0 

Miscellaneous: 

Allergy 

I 

0 

0 

1 

0 

Alcoholism 

1 

1 

0 

0 

0 

Abscess of log 

1 

1 

0 

0 

0 

Thyroid ovtract poisoning 

I 

1 

0 

0 

0 

Idiopathic 

. . 1 

0 

1 

0 

0 



— 

— 

— 

— 

Total number 

. 42 

20 

10 

G 

0 

Per cent . .... 

. 100 

G2 

24 

14 

0 

Tadli: 2,— Effi.ct of Phortiomin 

Upon the 

He art Rate 

or 42 Patients Classified 

Accohdino to 

ELECTJlOCAnDIOCIUPHIC DIAGNOSIS 

Rate Rate 

Flowed slowed 

No. CO/min. 10 to 

Rate 
slowed 
less than 

Rate 

Eli’clrocardiogmphir dianeoxis 

patients 

or more 

20/min. 

10/min. 

incrca'cd 

Sinus mechanism 

. . 4 

o 

1 

1 

0 

Sinus nrrhytlimia 

4 

1 

3 

0 

0 

Sinus tachycardia 

. 21 

15 

4 

2 

0 

Pnro\y.'-mal auricular tachycardia 

3 

o 

0 

1 

0 

Paro\y.smnl ventricular tachycardia 

1 

0 

0 

1 

0 

.Auricular fibrillation 

r> 

4 

1 

0 

0 

-Auricular flutter 

2 

o 

0 

0 

0 

Left bundle braiieb block 

1 

0 

1 

0 

0 

.Aunculovenlricular block 

1 

0 

0 

1 

0 

Tot.al nuinlicr 

42 

20 

10 

G 

0 

Per cent .... 

. . 100 

G2 

24 

14 

0 


taehycanlia in a patient Avith liypcrten- 
.sive heart disea'^e; paroxv.sninl A-entrieular 
taeliyeanlia in a jiatient with a myocardial 
infarct: and. atirictdoAontrleiilar heart 
block in a patient with allergy, avIio fre- 
quently eomplained of rapid heart action, 
btjt when the te.-t was «ione the rate before 
the injection was only 70 beats per minute. 

There were several changes noted in the 
form of the eleetroeardiogram in addition 


(neurocirculatory asthenia, Fig. 1 E), the 
P waA'c inversion Avas noted only at the 
15 minute interval. 

Tlic P-R interA’al Avas uninfluenced by 
the drug except in 1 instance of neuro- 
circulatory asthenia in Avhich the P-R Avas 
reduced from O.IS to O.Ki .second. In 
I case of rheumatic heart disease the P-R 
interA-al was increased from O.IG to O.IS 
second. In Figure I Ji, it Ls difficult to 
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measure the P-R interval before the drug 
was administered because of the fusion of 
the P and T waves. This becomes much 
more clearly defined after the injection; 
since there is remarkable constancy of this 
measurement throughout the series, there 
is no reason to assume much change in 
this example of first-degree heart block. 

In 2 instances of sinus tachycardia the 
QRS complexes became heightened as the 


rate decreased, although this effect was 
minor. The QRS complex was increased 
in amplitude when the mechanism changed 
from supranodal tachycardia to sinus 
tachycardia (Fig. 1 R) in a patient with 
an acute myocardial infarct. The par- 
oxysm stopped 2 minutes after the injec- 
tion of prostigmin when the patient vom- 
ited. It was impossible to state that the 
drug was responsible for arresting this 



Fig. 1. — All tracings shown are classical Lead 2 before and 20 minutes after injection of 1 '1’^" . 
prostigmin methylsulfate. A, Note the marked slowing which resulted (125 beats to 74 bc.ats 
in a case of thj-roid extract poisoning.- B, Hj-pertensix-e heart disease: the slowing aUcr 
permitted accurate appraisal of the prolonged auriculox-entricular conduction time. C, Aotc ^ ‘ , 
in height of the T wax-es 20 minutes after injection. The rate was sloxxed. Clinical diapno^H- s 
of leg. D, Inversion of the P wax-es without sloxxing of the rate in a case of hj-lJcrtluTOidw ■ 
Transitorj- P wax-e inx-ersion at 15 minutes which has returned to normal at the 20 minute in 
The rate was decre.ased in this case of neurocirculatoiy asthenia. F, In a case of artcrio'clcro i 
disease with auricular fibrillation, the x-entricular rate was markedly slowed after V’® 
tigmin. G, In a case of bypertensive heart disease the previously regular 2:1 auricular Uuttc 
irregular, increasing the block. H, The heart rate sloxxcd abruptly 2 minutes 
mechanism (supranodal tachycardia postmyocardial infarction) rex-erted to a sinus faeiu • . 


tachycardia (after a myocardial infarct) was uninfluenced by the injection of prostigmin. 
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attack, since a subsequent paroxysm was 
not aborted similarly. 

The T waves increased in amplitude in 

4 instances of sinus taebycardia. The 
clinical diagnoses were; abscess of leg 
(Fig, 1 C) hyperthyroidism, neurocircula- 
tory asthenia, and rheumatic heart dis- 
ease, The rate was unaffected in par- 
oxysmal ventricular tachycardia but the 
T waves were more definite in form. This 
is apparent, although the difficulties of 
standardization may have been responsible 
for some of this effect. 

The ventricular rate was slowed in 

5 cases of auricular fibrillation (Fig. 1 F). 
and in 2 cases of auricular flutter (Fig. 1 G). 

Discussion. The most pronounced effect 
of the injection of 1 mg. of prostigmin 
methylsulfate was upon the cardiac rate, 
which was slowed in 8G% of the cases. 
While this slowing may have been as 
small as 10 beats per minute, yet a simi- 
lar result could not be obtained with any 
other method: namely, carotid sinus pres- 
sure, rest, sedation, etc., when, and at the 
time this effect was desired, and according 
to electrocardiographic measurement. 

Waldman and jMoskowitz'*'® reported 
that the drug had no effect upon " constant 
tachycardia” associated with definite dis- 
ease, but Bram' has refuted this. In our 
G cases of hyperthyroidism the sinus tachy- 
cardia was slowed in 3. Of the 3 cases 
unaffected, 1 had been treated with thio- 
uracil and the tachycardia was no longer 
l)resent. Of course, the effect was only 
temporary, tending in all instances to 
return to the earlier increased level after 
the 30 minute interval. This agrees with 
the findings of Waldman and IMoskowitz. 

Pclner* reported the increased effective- 
ness of carotid sinus pressure in conjunc- 
tion with prostigmin in restoring the nor- 
mal rhythm in cases of paroxysmal tachy- 
cardia. Xo such effect was noted in our 
3 instances, ^^llilc the paroxysm stopped 
iji 1, the result came so soon after the 
injection (2 minutes) that it would be 
impos'^ildc to a<cril>e the cessation of the 
attack to the drug. The rate was tleereas- 
eil in the other 2 cases, but the attack 


was not stopped either with the drug 
alone or with the energetic application of 
carotid sinus pressure. 

The effects of the drug orally were 
disappointing. Prostigmin bromide (15 
mg.) tablets were administered. The rate 
was not slowed as dramatically and the 
deceleration achieved by the subcutane- 
ous route could not be maintained by the 
use of the oral preparation. When a dos- 
age large enough to produce notable 
slowing was used orally the unpleasant 
side-effects became so marked that only 
rarely could the drug be tolerated.'* It 
had been hoped that following an injec- 
tion the oral preparation could be used 
with better therapeutic effect. This result 
was not achieved. 

The side-effects encountered usually 
had passed off within a 2 hour period 
after an injection. The symptoms "con- 
sisted of nausea, abdominal pains, twitch- 
ing of the eyelids, tightness of the skeletal 
musculature of the jaws producing a speech 
difficulty and giddiness. These were more 
alarming in the group classified as ncuro- 
circulatory asthenia, but in no case severe 
enough to warrant the use of the antidote, 
atropine sulfate. 

Most of the effects upon the form of 
the electrocardiogram arc explained upon 
the basis that the rate is slowed by stimu- 
lation of the parasympathetics. This 
slowing permitted a more normal contour 
of the T wave to appear in 4 instances of 
sinus tachycardia. This effect probably 
also accounts for the occasionally noted 
incrc.ase in the QRS amplitude. X’o ex- 
planation is offered for the transitory in- 
version of the P waves. 

For future work an electrocardiogram 
using classical bipolar and multiple uni- 
polar leads will be compared before, and 
20 minutes after the injection. The 
method followetl in this .‘series h;is estab- 
lisheil that the 20 minute period will per- 
mit the recording of the maximum change 
produmi. When multiple lends are com- 
pared in this manner, clues to (he myo- 
cardial state will undoubtedly become 
more apparent, justifying the procedure 
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as a test in selected cases. This, in effect, 
constitutes a reversal of the -well-knoOTi 
electrocardiograpliic effect of proving nu- 
tritional insufHciencj’- by increasing the 
heart rate by lowered oxygen tension or 
exercise tests. 

Summary and Conclusions. 1. The 
effects of 1 mg. prostigmin meth 3 ']sulfate 
upon the electrocardiograms of 42 patients 
were observed. 

2. The cardiac rate was slowed in 86% 
of the patients studied, including both 
organic and functional conditions. 


3. Besides a decreased rate, other effects 
were noted, including transient inversion 
of the P wave, increase in amplitude of 
the QRS, increase in the amplitude of the 
T waves, separation of a fused T and P 
wave in auriculoventricular block, slowing 
of the ventricular rate in auricular fibrilla- 
tion and auricular flutter. 

4. The effect of the oral preparation of 
prostigmin bromide was disappointing 
when used therapeutically. 

5. The procedure recommended is to 
compare complete electrocardiograms 
before and 20 minutes after the injection. 
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Tremor followed by incoordination, 
muscular twitching, flaccidity, and other 
manifestations of impairment of the cen- 
tral nervous system have been observed 
in a variety of animals given DDT (Cam- 
eron and Burgess," Draizc, Nelson and 
Calvery,"* Lillie and Smith,® Neal and asso- 
ciates,'^’® Orr and hlott,^® Smith and Stohl- 
man,’® Nelson and Calvcry*^). Similar 
symptoms, lasting for months, developed 
in a man subsequent to inunetion of an 
acetone solution of DDT (Wiggleswortld"'). 
The literature contains 2 reports on the 
clinical manifestations of DDT intoxica- 
tion in dogs. Nelson and associates® ob- 
served tremor in 2 dogs given a total of 
2.S gm./kg. of DDT in corn oil by stomach 
tube for 1 month, and in a third which re- 
ceived 10.5 gm./kg. of DDT in the same 
manner for 7 months. Draizc, Nelson 
and Cnlvcry^ found that animals displayed 
no ill effects throughout 0 months during 
which they received by inunction a total 
of 0.3 to 1.2 gm./kg. of a 30% solution of 
DDT in dimethyl phlhalatc. The clinical 
and certain of the pharmacologic aspcct.s 
of DDT intoxication in 2S-dogs, from •} 
of which many of the data for our study 
havc also been gathered, have been report- 
ed by Bing, McNamara and Hopkins.' 

Studies of the central nervous systems 
of animals after administration of DDT 
have yielded little of note. Cameron and 
Bvjrge.^s® gave a total of O.S gm./kg. of 
DDT to rabbits over a j>eriod of 10 day.s, 
and 1..5 gm./kg. to rat.s for 30 days (the 
DDT in each instance being .wispended in 
liquid paralFm and tragae.aTith and admin- 


istered by stomach tube). Degenerative 
changes took place in anterior horn cells 
of the spinal cord but not in the cerebrum, 
cerebellum or brain stem. Lillie and 
Smith® had much the same experience with 
c.ats, rabbits and rats. Complete lack of 
change in the central nervous system of 
a variety of anitnals, including the dog, 
was reported also by Nelson and asso- 
ciates.® 

Of the pathologic changes in the thoracic 
and abdominal viscera, the most notable 
have been in the liver. These consisted 
cither of (1) centrolobular cytoplasmic 
oxyphilia or hyaline degeneration or (2) 
centrolobular and midzonal fatty degen- 
eration progressing to focal or zonal necro- 
sis or to atrophy. The only change 
observed in the kidney was that of fatty 
degeneration of tubular epithelium, usu- 
ally mild to moderate in degree. It is 
apparent from the various reports in the 
literature that visceral lesions occurred 
only after the administration of relatively 
large amounts of DDT. 

Methods. The dogs given DDT and tho.«e 
u.=cd as controls for our study were chosen 
at random from the kennels at Edgewood 
Arsenal. All were mongrels, most of them 
females; tliey were from 1 to 4 years old, 
and weighed from G.l to IS kg. All were on 
an ample diet supplemented by vitamins and 
were in execllont hc.alth before the experi- 
ment was started. 

Eight dogs comprised the experimental 
scries. They %vere given a .solution of 10% 
DDT in pc.anut oil liy stomach tube in dose' 
ranging from l.tO to 3.->0 mg. kg. The prep.a- 
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ration was given daily except when the sj's- 
temic reaction brought about by preinous 
dose was excessive; sometimes several days 
elapsed before use of the preparation was 
resumed. WTien the animals were too ill to 
eat, no attempt was made to force-feed them. 
There were 9 controls; 5 untreated, 2 which 
received peanut oil by stomach tube for 
90 days in an amount equivalent to that 
used as a solvent for the DDT given in 
experimental animals (3 cc./kg. daily), and 
2 which were given peanut oil and subse- 
quen% fasted until they lost 20 and 31% 
of their bod 3 ’^ weight respective^. 

Four of the animals gi^u DDT died, and 
the remainder, as well as the controls, were 
sacrificed bj' means of intracardiac injections 
of 10 cc. of nembutal. All of the autopsies 
were done promptI 3 ^ The brain, spinal cord 
and samples of the sciatic and vagal nerves 
were fixed in 10% formalin, and blocks of 
the thoracic and abdominal viscera in 
Zenker’s solution. The eyes of 2 of the 
experimental animals and of 1 of the con- 
trols also were fixed in 10% formalin. After 
fi.\'ation, the cerebrum was sectioned in the 
coronal plane at 7 representative levels, the 
brain stem at 3, the cerebellum at 3, and 
the spinal cord at 4. The material was em- 
bedded in paraffin. The sections of the brain 
and spinal cord were stained routinely with 
cresyl xdolet and those of the ^^scera and the 
eyes with hematoxj’lin and eosin. In certain 
instances, frozen sections from the central 
and peripheral nervous sj'stems were stained 
for fat bj*^ scarlet red, for mj^elin bj'^ the 
Spielmej’^er method, and for axis cj’Iinders 
by the Bodian method. 

Clinical Observations,* In general, the 
sjTnptomatologj" varied in accordance with 
the amount of the dailj' dose of DDT. 
Large doses given for a few daj^s usuallj’ 
induced more severe sjTnptoms than 
smaller doses over a prolonged time. 
Tremor constituted the earliest manifes- 
tation of DDT intoxication. Initialij' it 
was fine, generally starting in muscles of 
the eyelids and face and spreading with 
variable sequence and severitj' to all 
muscles. The tremor occurred sponta- 
neouslj' when the animals were at rest, 
but was accentuated by excitement or 

* The clinical observations herein described were 
and ourselves. 


movements, being most intense on com- 
pletion of a movement. On daily doses 
ranging from 150 to 200 mg./kg. the 
tremor usuallj'' did not develop until 
several daj*s had elapsed, but sometimes 
became apparent after the first dose; it 
began 4 to 6 hours after DDT had been 
given, generally lasted for several hours, 
and remained reversible after prolonged 
administration. Three examples in this 
category are listed in Table 1 (Nos, 133115, 
159669 and 15966S). 

Wien, however, the dail.v dose of DDT 
ranged from ISO to 250 mg./kg., or higher, 
the course was one of steady decline. 
Anorexia, listlessness and weakness set in. 
weight loss occurred in 4 (Table I), and 
eventuall}’^ death occurred. Tremor de- 
veloped after the first administration of 
DDT and except for 1 instance (No. 159- 
673), became more coarse and widespread 
than in animals given a lower daily dose. 
Moreover, the animals (Nos. 147733, 
147732, 159672 and 135777) became ataxic 
and developed hypermetria, which, to- 
gether with the tremor, ultimately became 
irreversible. On standing, such animals 
were unsteadj’^, and their limbs usually 
were hy^perextended and abducted. They 
tended to stagger when walking, lifted 
their legs unduly high with each step, 
and often were unable to arrest locomotion, 
with tlie result that they bumped into 
clearly xusible objects. Mter a time the 
stretch reflexes of the limbs became over- 
active; thus, when the head was timist 
backward the tone of the forelimljs was 
considerably augmented, and when the 
head was tilted to the right or the Imt 
the hindlimb of the corresponding side 
underwent extreme extension. Also the 
placing reactions were strongl.v positi'C, 

1 . c., when the animals were iield in the 
air with eyes shielded to occlude vision, 
the slightest contact of the anterior n-spcct 
of a paw with the edge of a table rcaiiltci 
in an exaggerated flexion of the limb, fol- 
lowed bj' maximal extension. No distur v 
ance of sensibility was detected, nor verc 

made jo'mtlj' by Bine, McXainara and Ilopt'in 
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there defects of vision or hearing. None 
of the animals had con^mlsive seizures. 

The 2 dogs given peanut oil by stomach 
tube over a period of 90 days had no 
untoward symptoms, and appeared to be 
as healthy at the termination of the ex- 
periment as at the beginning; 1 lost 16% 
of its body weight, while the other gained 
an equivalent amount. Lack of symptoms 
was also apparent in the other 2 controls 
so long as peanut oil was given; when, 
in addition, they were fasted they lost 
weight but otherwise suffered no visible 
untoward effects. 


Gross inspection of the brain and lepto- 
meninges of the dogs given DDT revealed 
moderate congestion and occasional pete- 
chial hemorrhages. The ventricles ap- 
peared to be of normal size. LL'croscopic 
examination revealed nothing of signifi- 
cance in the cerebrum, brain stem, periph- 
eral nerves, or eyes. At all levels of the 
spinal cord, there was a normal comple- 
ment of anterior horn cells but some of 
them displayed slight to moderate chro- 
matolysis. 

The cerebellum showed varying degrees 
of damage. In animals in which the level 



layers show nothing of significance. (Crcs 3 'I -i-iolet, X 1-15.) (AIP nog. 90295.) 


Pathologic Anatomy. Examination of 
the thoracic and abdominal viscera of the 
animals receitdng DDT revealed constant 
lesions only in the liver. The most charac- 
teristic of these consisted of sinusoidal 
engorgement in association vdth fatty 
degeneration of hepatic cells, usually cen- 
trolobular in distribution but sometimes 
midzonal as well. Hemosiderosis of Kupf- 
fer cells and centrolobular atrophy were 
observed in some of the cases of longer 
standing. No significant changes were 
found in the other tissues. 


of dosage of DDT ranged from 150 to 
200 mg./kg. a moderate number of Pur- 
kinje cells exliibited swollen and hyper- 
chromatic cytoplasm and pyknotic nuclei 
to a degree not observed in the controls 
The dentate and roof nuclei, however, 
were not con\'incingly abnormal except m 
1 instance (No. 133115) in which miW 
degeneration was apparent (Table )■ 
IModerate to severe degenerative change 
in the cerebellum was observed in 
mals given ISO to 350 mg./kff._o[ 
except in 1 instance (Xo. 159G73). In 
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of tlic animals receiving the largest doses 
over the greatest length of time (Nos. 
147733 and 147732) many of the Purkinje 
cells were pyknotic or had been converted 
into “ ghosts,” and a few had disappeared 
(Fig. 1). There w'as no hyperplasia of 
cells of the Bergmann and molecular lay- 
ers, nor were changes detected in the 
granular layer. The dentate and roof 
nuclei were severely affected. As com- 
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An effort was made to determine quan- 
titatively the degree of degenerative 
change in the dentate and roof nuclei. 
This was done by counting the number of 
normal and abnormal cells in 3 low power 
fields (100 X magnification) of the 10 ser- 
ial sections, making a total of 30 fields 
examined; the fields chosen were those in 
the mid-portion of the dentate nucleus of 
both sides and the fastigial nucleus of one 



Fto. 2. — (lIoK l.’)3Stri; uiUrciitpiJ control.) The fttinclion cells in this field of the dcnt.nte nnclens 
)ne miineious and virtnnlly all of them have the features of normal cells. (Cresyl violet, X 230.) (.\IP 
ncft. 02211.) 


pared to .n section from a control (Fig. 2). 
the nerve cells were somewhat fewer in 
number, and mtiny of those remaining dis- 
playoti chromatolysi-; and v.acuoli/ation of 
the cytoplasm, tind karyorrhexis or com- 
plete los.H of nuclei; some cells were com- 
pletely tunorphous (I'ip.. .'t and 4). There 
vtis no geiienilired glio-is but the number 
of satellite glia was sometimes increased 
(Fig. 3). 


.side. Tiic small aggregation of cells cor- 
responding to the emboliform nuclcns of 
man wa.s aFo exttmined. Care was t.aken 
to cut ail sections at C microns. .-Vt a later 
date tbc counting was repeated, and the 
average of the 2 counts taken as tlie final 
figure. Cells exhibiting mild chromatoly- 
sys or slight blurring of nuclear detail 
\\cre included among the nnnnal fonns; 
those so hary that cellular detail could not 
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be discerned and those obviously degen- 
erated were listed as abnormal. The 
results, which are to be regarded as only 
approximate, kre shovm in Table 1. 
Abnormal forms in the untreated controls 
varied from 9.8 to 14.6%, and averaged 
11.9%. (The abnormalities were ascribed 
to postmortem change or to artefact.) 
Approximately the same degree of altera- 


figures on the over-all degeneration of this 
group, which varied from 7.4 to 49.8%, 
were obtained by subtracting the average 
% “abnormal cells” in the 5 untreated 
controls (11.9 %) from the % “abnormal 
cells” found in each of the dogs treated 
with DDT. Statistically evaluated, the 
index of nuclear degeneration in the first 
6 animals listed in Table 1 were as follovs: 



Fig. 3. — (Dog 147732; total dose of DDT. 7.16 gm./kg.) Tliis field of the denUte nucleus contains 
6 relatively normal cells and numerous faded or ob\-iousiy degenerated forms. As compared to t le 
control (Fig. 2), the actual number of cells is not greatly reduced. Satellites in the %acinit3' of 1 o 
the distorted cells are incre.ased in number. (Crcsj-l -violet, X 250.) (AIP neg. 92260). 


tion was observed in the controls receiving 
peanut oil and in the animal which had 
been fasted. In 4 of the animals in whieh 
the daily dose of DDT ranged from ISO 
to 350 mg./kg. (Nos. 147733, 147732, 
159672 and 135777), and 1 in which the 
daily dose range was 150 to 200 mg./kg., 
a moderate to marked increase in the 
number of abnormal cells was found. The 


20.7, 27.9, 11.5, 6.3 4.2, 1.2. The amount 
of cell destruction in the animals given 
DDT was not significantly large, hut what 
there was, could be correlated vlth the 
total doses given, the value of the correla- 
tion coefficient being 0.76. 

Discussion. From the clinical stand- 
point it seemed apparent that the severity 
of the sjTnptoms depended more on the 
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amount of daily dose of DDT than on 
the total dose. Thus, Dog 135777 re- 
ceived a daily dose of from 180 to 250 mg./ 
kg. DDT, amounting altogether to 2.47 
gm./kg., and developed irreversible symp- 
toms, whereas Dog 133115, on a smaller 
daily dose but a greater total dose was 
not affected clinically to the same degree. 
That tolerance to DDT varies is indicated 


gree of degenerative change in the cere- 
bellum. The data on the entire series 
would seem to indicate that damage to 
cells of the cerebellum is slowly progres- 
sive and probably irreparable. 

The lack of clianges in other portions 
of the central nervous system points to 
the cerebellum as the essential site of 
action of DDT. Tin's view is supported 



Fto. -l.— CDoc MTTSS: iotnl dntp of DDT. 7..1G pm./kc.) Tliis nEo i'. n field of the dentate imclcu^ 
showinK a prejKiiuleranee of [.hrivelcd .and othenvEe dEtorted cell form.^-. (Cre'-.vl violet X “’oO ) 
(Air net:. *12201.) 


by tlio failure of irrcversililc symptoms 
to develop in Dog l.’jn073 despite high 
daily ami total dn.«e.s; judging by the loss 
of weight, this animal exhibited the mo.st 
severe .sy.-.iemie reaction of the group. 
Two animals (Xos. 147733 ami 147732) 
receiving large daily tlo^es of DDT over 
the longc'-t period had the most striking 
neunilogic symptoms and the greatest de- 


by the ob.scrvjilion that the symptoms 
displayed by dogs given DDT over an 
extended period of time were strikingly 
similar to those observed by Ftilton and 
Dow^ and Radcmaker” in decerebellated 
dogs. Consistent with tliis view also are 
the results of a study by H. .1. Bing* on 
cats in which the spinal coni and brain 
stem were sectioned prior to the adminis- 


Tenoard coromuniotjon to the natl.ors. 
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tration of DDT. In 3 cats the spinal cord 
was sectioned at levels between the seventh 
thoracic and second lumbar segments. Eight 
to 20 -days later each received by stomach 
tube 300 mg./kg. of DDT in peanut oil. 
Within 3 to 6 hours tremors developed 
in the muscles innervated above the tran- 
sections, and potentials taken from these 
muscles showed a significant increase in 
action currents. The muscles below the 
transections failed to exhibit tremor, how- 
ever, and no action potentials could be 
recorded from them. In 3 additional cats 
in which neurologic sj'mptoms followed the 
administration of 300 mg./kg. of DDT, 
the brain stem was transected at the lower 
level of the mid-brain; 10 to 20 minutes 
later the symptoms reappeared. The con- 
clusion drawn was that in aa.de experi- 
ments on the cat DDT exerts its effect on 
the portion of the central nervous system 
below the mid-brain and above the spinal 
cord, and that it apparently does not act 
on the spinal cord, the myoneural junc- 
tions, or the muscles. 

Further exddence that the cerebellum 
may be the essential site of action of DDT 
has been gained from the electroencephalo- 
graphic studies of Crescitelli and Gilman^ 
on cats and monkeys. In animals in which 
tremor induced by DDT was abolished by 
curare and in which a central depressant, 
such as sodium pentobarbital, then was 
given, the subsequent administration of 
DDT intravenously led to electroencephal- 
ographic changes in both the cerebral cor- 
tex and cerebellum. The main effect on 
the motor cortex consisted of a change 
from the normal pattern of irregular bursts 
of waves at a frequency of S to 12 cycles 
per second to one of persistent rhythm 
with almost continuous and regular dis- 
charges at the same frequency, whereas a 
progressive increase in the amplitude of 
activity took place in the cerebellum, 
attaining within 1 to 2 hours after the 
injection of DDT a constant peak voltage 
vith slight increase in the wave frequency. 
The tentative conclusion reached was that 
DDT acts primarily on the cerebellum, 
and that as a result the discharges are 


transmitted via efferent paths to the cer^ 
bral cortex, modifj-ing its activity. TOien 
the use of a central depressant was avoi- 
ded and the curarized animal anesthetized 
lightly with ether, periodic electrical dis- 
turbances of a conxmlsive character oc- 
curred simultaneously in the cerebral 
cortex and cerebellum, and continued for 
a number of hours. The disturbances 
were always heralded by fast spike-like 
waves which were localized to the pre- 
motor cortex of the cerebrum on tlie one 
hand, and from the pyramis vermis and 
lobulus simplex of the cerebellum on the 
other. These spike-like waves occurred 
sjmchronously from the 2 structures, but 
with opposite polarity, i. e., they were of 
positive polarity in the cerebral fracings, 
and of negative polarity in the cerebellar 
tracings. For the present, these findings 
are still open to some difference of interpre- 
tation as to the primary source of the 
waves. The possibility that the cerebral 
and cerebellar responses to DDT may be 
due to the discharge of afferent impulses 
by way of the spinal cord appears to be 
excluded by the finding that the electro- 
encephalographic changes produced by 
DDT were not altered when tlie spinal 
cord was sectioned at the atlantooccipital 
level. 

The presence of slight to moderate liver 
damage in most of the animals is in accord 
with the findings of Bing, McNamara and 
Hopkins* that liver function is but little 
impaired, except terminally, even when 
relatively large amounts of DDT are 
administered. The sparing of the kidnejs 
also concurs with their studies on kidnev 
function. 

Conclusions. From clinical observations 
as well as physiologic and electroencepbal- 
ographic data, it appears that the cere- 
bellum is the chief portion of the ncriou.' 
system on wliich DDT acts. The same 
would seem to hold pathologically, in*^' 
much as degenerative cliangcs in DDt' 
intoxicated dogs were restricted to t 
cerebellum, especially the dentate and r(W 
nuclei. The degenerative cliangcs in t 
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cerebellum were regarded as slowly pro- 
gressive, since they were found only when 
relatively large doses were given over 
prolonged periods of time. 

The systemic symptoms which occurred 


in some of the animals were not open to 
pathologic interpretation, since nothing of 
significance aside from slight to moderate 
degenerative change in the liver was 
observed. 


Wc are indebted to Lt. Cliarlcs Boyere, CWS, for technical assistance, to Mrs. Ilclenor IVildcr for 
examination of the eyes of 3 of the animals, and to Mr. M. A. Geislcr for statistical analysis of the data. 


REFERENCES 

1. Bing, R. J., McNamaka, B., and Hopkins, F. H.; In press. 

2. Camkron, G. R., and Bunenss, F.: Brit. Med. J., 1, 805, 19-15. 

3. CnnsciTnu.i, F., and Gilman, A.: In press. 

4 . DiiAizn, J. H., Nelson, A. A., and Calvery, H. O.: J. Pharm. and Exp. Then, 82, 159, 19-M, 

5. Fulton, J, F., and Dow, R. S.: Yale J. Biol, and Med., 10, 89, 1937. 

C. Lillie, R. D., and S.mitii, M. I.: Pub. Health Rep., 59, 979, 1944. 

7. Neal, P. A., von Oettinoen, IV. F., Smith, IV. W., Malmo, R. B., Dunn, R. C., Moran, H. E., 
Sweeney, T. II., Armstrong, D. W., and White, W. C.; Pub. Health Rep., Suppl. 177, 19-44. 

8. Neal, P. A., von Oettingen, W. F., Dunn, R, C., and Siiarpless, N. E.: Pub. Health Rep,, 
Suppl. 183, 1945. 

9. Nelson, A. A., Draize, J. H., Woodard, G., Fitziiugh, 0. G., S.mitii, R. B., Jr., and Calvery, 
H, O.: Pub. Health Rep., 69, 1009, 1944. 

10. Orr, L. W., and AIott, L. O.: J. Econom, Entomol., 38, 428, 1945, 

11. Rademaker, G. G.: I. Das Stehon, Berlin, J. SprinRcr, 1931. 

12. S.mitii, M. I., and Stoiilman, E, F,; Pub. Health Rep., 69, 984, 1944. 

13. WiGOLESWORTii, V. B.: Brit. Mod. J„ 1, 517, 194,5, 

14. Woodard, G., Nelson, A. A., and Calvery, H. O.: J. Pharm. and Exp. Then, 82, 152, 1944 



432 


SAaiPSON; LATE NEUEONITIS FOLLOWING DIPHTHERL\ 


LATE NEUE.ONITIS FOLLOWING PEOVED AND SUSPECTED CUTANEOUS, 
FAUCIAL AND WOUND DIPHTHERIA 

By Maj. John J. Sampson, M.C., A.U.S.* 

SPOKANJS, ■WASHINGTON 
(From the Baxter General Hospital) 

Wilson p Grinker,® Ederle® and others recog- 


The purpose of this report is to describe 
the clinical course of 20 cases f of late 
poBmeuronitis following proved or sus- 
pected cutaneous and pharjuigeal diph- 
theria. This sjTidrome is to be differenti- 
ated from the early diphtheritic neuritis 
occurring during, and within the first 
month after, the disease. 

As etddenced by certain personal com- 
munications from Liebow,^ Livingood,'® 
and others, and by publications of Norris 
ct al.^^ Williams,-^ and the War Depart- 
ment,*^ as well as the histories of our own 
overseas patients, there has been consid- 
erable diphtheria in the Southwest Pacific 
theater of military operations in 1942, 
1943 and 1944 and most probably more 
in -western Europe and the Continental 
United States than in previous years. It 
has been suggested that the infection may 
have existed in the Pacific theater in the 
native population or been introduced by 
the Japanese invaders of the Solomon 
Islands, the North New Guinea area, 
Saipan and the Philippine Islands. Both 
Schick negative and Schick positive men 
acquired the infections and the Schick 
test in the milder cases occasionally re- 
mained positive after cure. The disease 
may occur as ulcerative skin lesions, typi- 
cal or subclinical faucial infection, or both 
skin and pharjmgeal involvement. Either 
the skin or pharynx may be the primary 
source of infection which then may spread 
to other regions. 

The occurrence of cases of typical Guil- 
lain-Barrd simdrome following cutaneous 
diphtheria was noted in 1918 by Walshc** 
during the first World War. Although 


mzed the frequency of secondary post- 
diphtheritic poljmeuritis, there has been a 
paucity of reports indicating the frequency 
of association of this sjmdrome follow- 
ing diphtheria until statements of recent 
.military clinical experiences. The War 
Department BnUeiui^ comments on the 
occurrence of peripheral neuritis in a fifth 
of all diphtheritic dermatitis cases. 

It is stated that the neuritis occurs from 
2 to 4 months after the onset of the infec- 
tion and of the early cranial nerve palsies. 
It is associated with elevated spinal fluid 
protein and generally is characterized by 
lost reflexes, motor weakness, paresthesias 
and hypesthesias of the extremities, espe- 
cially the lower legs and feet. Certain 
reports fail to separate these cases from 
the ordinary earl^' diphtheritic peripheral 
neuritis which occurs within tlie 1st month 
after infection. WTrereas no ' fatalities 
have been reported, e.xclusive of 1 case, 
probably an example of early diphtheritic 
neuritis, as reported by Norris d al , ' 
many cases observed at Baxter General 
Hospital and in other continental and 
overseas hospitals have been very severe 
and have resulted, although infrequently, 
in significant motor or sensory residua! 
disturbances. Some of these patients are 
so completely incapacitated at the height 
of their illness that they cannot lift their 
heads off the pillow or feed themselves. 

The characteristic clinical picture of 
Guillain-Barre syndrome or infectious 
polyneuritis, or polyneuronitis, resembles 
these postdiphtheritic states. Tlie 
lain-Barre syndrome may he summanzer 


» The author is indebted to Capt. H. L. Rudolph. M.C., Chief of Phj-sical Tl.erapy 
the study of electrical reaction and function of muscles, and to Lt. Col. M. H. Stiles, M.C., n . 
C. H. Manlove, M.C., and Capt. tV. Wolf, M.C., for their assistance in the study of patienM. 

f additional case of neuronitis folloa-ing prolonRcd faucial diphtheria has not i)cen -'tti'ii 
a long enough period to -(varrant inclusion in the series. 
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as follows: the onset generally follows 
5 days to 6 weeks after an upper respira- 
tory or other infection; the initial symp- 
toms are largely sensory, including pain 
in the extremities. This is followed 
closely by a progressive, bilateral symmet- 
rical quadriplegia (predominantly prox- 
imal) which overshadows the sensory signs. 
Cranial nerves are generally involved, 
often the seventh nerve. The cerebro- 
spinal fluid typically shows a high pro- 
tein content without increased number of 
cells. The mortality is reported from 14 
to 42%. The convalescence is slow but 
usually complete— moving rapidly once 
started, and the duration generally varies 
from 14 to 120 days. Drug therapy, 
including thiamine chloride, is currently 
ineffective. 

Although there has been considerable 
disagreement in the application of the 
terms neuronitis and neuritis to this syn- 
drome, the term neuronitis is herein used 
since it implies involvement of the nerve 
cells, axoncs and denrirites of the brain, 
spiniil cord, spinal, cranial and autonomic 
ganglia and cranial and peripheral nerves. 
From pathologic studies on autopsy cases 
of Guillain-Barrd syndrome (Ro.'cman 
and Aring,'® Lowenberg and Fo.ster,” 
and othens^'^'®'®) this widcsj)rcud involve- 
ment ha.s been demonstrated. 

Thc.se pathologic finding.s may be briefly 
snmmarimi as: 1. Shrinkage, vacuoliza- 
tion and destruction of nerve cells through- 
out the brain, spinal cord and ganglia, 
rarely extensive and occasionally .a.ssoci- 
ated with periva.scular hemorrhage. 

2. Axonal degeneration in the brain, 
spinal corfl, e.spccially the posterior col- 
umns, and cranial and peripheral nerves 
ns evidenced by (ol .swelling, corkscrewing, 
beading and fragmcnt.ntion of the axis 
cylinders; {/)) swelling and fragmentation 
of the myelin .sheaths; (c) proliferation of 
the Schwann ct'lls; and (d) occasional 
phagocyte and lymphocyte invasions — 
ehieiiy pn'sonf in the peripheral nerves. 

o. The spimd ta^rd involvement was 
greatest in the cervical and upper thoracic 
ami then iti tlte lover lumbar regjnn.s. 


Tlie involvement was heavy in the vagus 
nuclei and the peripheral nerves. 

In addition to nervous system lesions, 
visceral pathologic changes have been re- 
ported, namely: 1. Fatty infiltration, 
mononuclear and polymorphonuclear cel- 
lular accumulations and focal degeneration 
of the liver. 

2. Adrenal cortical cell degeneration. 

3. Interstitial cellular infiltration of the 
kidneys without nephron damage. 

4. Necrosis of muscle fibers and mono- 
nuclear and polymorphonuclear cellular 
infiltration of the heart. McIntyre’® re- 
corded electrocardiographic changes in a 
patient with Guillain-Barre syndrome, 
similar to those found in diphtheria, 
namely A-V conduction delay and S-T 
and T wave abnormalities. 

An outline of the 20 cases is presented 
in Table 1. The patients varied in age 
from 20 to 35 years and there was only 

I female. Case 16, in the group. Three 
acquired phar.\Tigeal diphtheria in the 
European theater of operations; 1 phar^m- 
gcal case was contracted in Spokane; 1 
empyema with suspected diphtheria in 
Alaska; and the remaining 15 acquired 
pharyngeal or cutaneous diphtheria infec- 
tions in the Southwest Pacific theater of 
operations. There were 62 cases of healed 
or active cutaneous diphtheria admitted 
into the hospital during the period from 
December 1 to February 15, of which 11 
developed polyneuronilis. All of these 

II cases are included in the series of the 
20 cases outlined in Table 1. Ten neu- 
ronitis cases accompanied or followed clini- 
cal cutaneous diphtheria showing char- 
acteristic anesthetic, punched-out lesions 
and partially to completely anesthetic, 
sharply defined scars. 

One patient had exfoliative dermatitis 
with irregular areas of local infection. 
Two patients had both clinical diphtheria 
and pharyngeal diphtheria. Five patients 
had clinical pharyngeal diphtheria, al- 
though virulent C. diptheria' could not be 
cultured from 1 patient. Two patients 
had neunmitis accompanying resistant 
empyema with anniient tliphthcroids in 
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12 


13 




IS. 


19. 


20 . 


35 


Case No. 
Initials 
Age 

Theatre 
Sei-erit} 
LDR. 

BiaL 

4-4-+'f 
AG 24 
New Giunea 
*f++4- 
JFS 25 
New Guinea 

-i-4" 


CFB 29 
New Guinea 

CAS 35 
New Guinea 
+ 


HuiO 24 
New Guinea 

JMcC 27 
Alaska 

++4*+ 

RH’R 20 

Lej-te 

4“ 

KAN 23 

Lejie 

4“ 

DHF 29 
New Guinea, 
Le> te 
4“ 

FNB 
Itab 
4* 

HBS 
Lc\ te 
4” 

HGH 
Le>te 
4* 4“ 

JW 
Le>te 


29 


23 


33 


15 


16. 


23 


\ TR 

Belgium 

4-+ 


L.H. 28 
Spokane 


CImicfll 


4- 


4- 


4- 


Eifol 

Derm 


4- 


4* 


4* 


4- 


4* 


K K.R. 25 

Luion 

■^4-4--^ 

JJ^C. 20 
German} 


29 

?Loca! mfect- 
New Guinea 
Lichen phaus 
HJO. 30 
Biah 


4- 


4“ 


4- 


empjeina 

4-7 


a 


Table I.— Sumsiaht of 20 
Maximum mTOlvement 


Abs Bj. Tn 
KW 


0 

A O 

Numb hands and V, ATI 
feet 

o 

3C-2T, 2)h3S, 60d- 
btd, aiffis, It^s, 
tninJ. 

Ptf++ 

4* 

Tingling, numb (Earl> HI, IX. 

hands and feet, X, XI) III, 
slapping gait V, VI, MI 

3C-2T. SWS, iSd- 
bed, anns, trunl, 
less 

PiI+4- 

0 

Can’t lift R arm, 0 

3C-1T. 3L-1S. can't 

Ptl-»- 


numb and ting- 

comb hair, climb 

R shoulder. 


ling hands and 
feet, ache inarms 
legs 

stairs, numb feet 
+ 

h peron 

0 

Numb and tingling 0 

L 5L.JS, R 3L.IS, 

Ptl + 


0 

? wound 4" 

4- 


feet, stumbbng 
gait 

Numb fingertips 


Tingbng and numb 
fingertips, toes 
and soles 

Numb face, arms 
and lower legs 


Numb feet 


Numb and tingling 
fingertips, R an- 
kle L toes 
Numb feet 


Numb fingers and 
toes 

L toe-drop, numb 
L foot and ankle 


V? 


r, M. vij, 
vm, X. 
XI, XII 

0 


ni (accom ) 


(Xearb)O 


with 


Weak legs 
climbmg 


Weakness and ach- 
ing of lower legs 


Numbness, tingling 
offeetandfiircra 


Numb fingers and 
stumbbng gait 


Numb tinghng of 
hands and feet, 
weakclcratingof 
R. arm 

Numb feet and legs 


OILV.X.carb) 

0 


GII, V, carl} ) 0 


ail.V.X.carly) 


aiI.V.X,earl>) 

0 


Numb tinsbng of 
fingers 


Naabne*s of toes 
on waibng 


bed, arms and legs 

Fingertips and 3L- 
2S, R and L toe- 
drop, weak arms, 
b> 7 >estbesia, hands 
and feet 

4C-3T. 3L-IS. ked- 
trunk, arms, legs 
m\ol\ed 

5C-IT, lOT-lS, bed- 
ridden 


7C-ST. 3Lr.lS. can't 
tiTieorclimbstairs 

4C"3T, 3I/-1S, toe- 
drop, can't climb 

4L-1S, tee-drop, 
can t climb 


.U,KJ 
AJ. KI 


KU Bi 
U.KJ 


4b» Bi Tn. 

\J.KJ 


Tn. 


Tn 


Tn 


PtI 4--^+ 
Trunk, arms 
and legs 
PtI gen 
Arms, leg«, 
trunk and 
shoulders 

Ptl4' 
Anns, legs 

Ptl * to 

4*4* CfD 


All* KJ, 
Bi.Tn 


U. 


\l< Pi Tn 
KJ G KH 
acd Crtta 

KJ^. Bi.Tr 

ajau 

Kb 


and 


Weak grip L 
chmbmg 


Fell on walking, 
can’t climb or hold 
arms up, toc-drop 
7C-ST, 4L-1S, numb 
(stumbled), can’t 
climb, weak grip 
Numb fingers and 
R foot, loss vjbr 
sense R foot, si 
weak legs 

Weak legs, slapping 
gait, can't hold 
fork or pen and L 
shoulder weak 
Numb lower arms, 
hands, low legs, 
feet, can t walker 
button clothes 
Bcdnddcn, couldn’t 
feed self, urmc re- 
tention h>’pe3the' 
£ia3L-lS 

Numb lower legs, 
feet and hands, 
can't climb stairs 
or descend, slap- 
pinggait 

Numb fingers and 
toes, weak gnp, 
can’t climb stairs 

Tingling and numb 
feet and ankl'^, 
vibr &ea.*c 0 L 
met3tar*alj and 
toes 


Ptl-f 
L leg 


AW 


Ptl 4-*^ 

Arms, legs 


Ptl 

Arms, leg 


Ptl 

Hand*, arms 
legs 

0 


AJAhf 


W. A5. 

A!* 

Sonsal 


Vorr-il 

.Soroa! 


L I!i.Tti Ah 
1. W *. 
AJ Ah 

Ah B> Tr 

hJ. G 

t AW 

Ah li,'. I'j 
AJ U 
jt. u: 

Ah AJ 


Ah AJ LW 
li KJ * 


Ah AJ 
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.2 





Spinal fluid 



^.2 


rt 







■** 


■*^'g 

Si 0 

0 

ti 

te 

Cult, diph. 

tr 

m 

4/ 

u 

c 

0 

c. 

M v ,0 


o 

E 

“rt 

c 

Hcsidual BiRna and BjTnploms ^ 

’c. 

25 

u* 

0 

Q 

Interval 
and nci 
(ilays) 

h 

fj 

0 

0 

'S 

2 «? 
5*0 

4 , w 

.5 

IS 

i/j 

fj 

0 

0 

t/j 

ei 

JZ 

v 

C 

0 

. ^ 

^ e 

es-w- 

c 

tc 

*© 

0 

Numb finuertips, b1. nc.ak on Biairs; Pcnc. im. 

101 

70 

++4- 

150 

0 

— 


4- 

oa 

0-0.^ 

vilir. =fc K. and L. Li-Si and R. C-T»: 
reflex chanijcs; AJ and Hi, Tri rf= 










IVetic 

Numb hands and feet, slapninK call; re- Penc. itn, 
flex changes; Bi, Tri, KJ, Ad -f ; rad Diph. antx. 

do 

30 

4- 

S5-f 

4- 

+ 


0 


*“* 

and ulO 

None Penc. local 

(330*) 

70 

75 

-fc 

GO 

Hcalcd 

- 

- 

0 

35 

0 


4 . 

SI. weakness R. toot, peroneah and R. 
hand; hypcslhesia of fingcrfl: xdbr. 
sense * to 0 toes; reflex changes, none 

Penc. im. 

(180) 

807 

307 

4'4'4~ 

140 

Healed 



+ 

79 

-b-kd- 

Parctic 

5 . 

SI. -k fatigue of legs; reflex changes, 
none 

Local 

75 

43? 

4- 

I2,'i 

Healed 



0 

25 

-k 

0 , 

Vibr.sen'c =e K. hand and foot; si. wc.ak 
II. hanuitringa; reflex changes; Bi, 
Tri, KJ, AJ -fc 

Pcnc. im. 
and local 

(70) 

5S7 

43 

4-4-4- 

78 

0 

0 

- 

0 

SO 

4 . 4 . 

Paretic 

7 . 

Vibr. sense =*- li. fool and knee, R. Ion cr 
leg; ncafc B. pcrnne.als; reflex changes; 
AJ R. rf=;L. O.KJB. 

Diph. antx. 
Pcnc. im. 

(200) 

907 

1357 

4-4-4- 

150 

0 

0 


4. 

131 

•k 

Paretic 

8 

^^br. Bcn'C in toes; reflex changes; 
AJ R. * 

Pcnc. im. 
and local 

(lOO) 

747 

5C 

dts 

110 

+ 

-b 

- 

0 

25 

0 

0. 

R. scr. ant. and dclt. paralvsis and atro- 
phy: snbr. sen'c =<. toes; reflex chang- 
es; L. KJ and AJ =« 

Pcnc. im. 
and local 

82 

77 

*t: 

70 

Healed 

0 

- 

0 

in 

0 

in. 

Yibr. sense -f feel and R. hand, weak 
hamstring; reflex changes, none 

Penc. itn. 
and local 
diph. antx. 

78 

47 

4- 

87 

+ 

-b? 


0 

29 

0 

11 . 

Vibr. sense -e 2nd to .5lh toes; reflex 
changes, none 

Diph. antx. 

34 

15 

dr 

104 

- 

4. 

- 

+ 

21 

0 

12 . 

SI. w cakness abd., arms and vibr. 'en'e 0 
to •»- lower legs and feet and SB-IS 
srrl.; reflex changes, none 

Numbin region of ulcers on ankles; vibr. 
sen'cOtO't toes; reflex changes; R. 
KJ and AJ si. reduced 

Pcnc. im. 
and local 

72 

C7 

4 - 4 . 

110 

0 

0 

4. 

0 

120 

4 . 

Tabetic 

13. 

None 

40-9S 

32 

at. 

1C3 

0 

0 


n 

00 

0 

11 . 

Vibr. sense ■* to 0 in all toes and meta- 
tarsals; reflexes normal 

Penc. local 

90 

«1 

A 

9.') 

0 

0 

4. 

0 

42 

0 

1 .'.. 

SI. hj'i>ere-the'ia, si. weal. R. .arm; re- 
flexes normal 

Penc. im. 
diiih. antb. 

4G 

CS 

“T 

92 

0 

o- 

- 

0 

10 •> 

0 

10 . 

Vibr. sense >* toes, reflex changes, none 

Diph antx. 

7 

30 

4. 

124 

0 

4- 

- 

0 

40 

0 

IT. 

Vibr. sen' r toes and met.atar-als; re- 
flex changes. AJ f' 

Rene im. 

i.-o: 

49 

f'vrly 

120 

0 

s 

- 

4 - 

(;*e-s.st.s'i 

13 

0 

IS. 

SI bsTvsIbe'ia to p>n p-irk R. toes »-<} 
Irt t '>e I..0 to * ; sabr. f—.'e U, a’l t ses 
and taftat.a-'al*. reflex changes, p. x.r 

Penc. im. 

2'-; 

:.s 

htf 

4S 

0 

. s 

- 

0 

49 

0 

lt>. 

Vd -. sense a '* all toes f -.-r-s, 

rr'’ctc' s'ges' AJ P. KJ R >» sr.l l,.(i 

r.”'", im. 

50 

52 

*** 

Cs 


0 

- 

0 

20 

0 

20. 

l/s.-sb' -klcd wa't iri",!.. . of f ■ emsse- 

rwt a"d d 'a »e-ss'.i a R. ! i-.d: 
site, ssp.e r* *.> C* (fvs n- 5 trs*ata-- 

D j'- artx. 

4 

7 ' 

- 

17 

p 


D rH ' 

0 


0 




o- n^Vlo jerk, \ *"<•" it 'V . X'r \r*- ini. c- D'j h 

nTit:*i'\*.n n 1% inu AI'^s in;^*!3>n V'rnir’* l>l*, 

<•^’5 * V ? ”* 5*^ ' 1'^ V''?' "t*' \*»' Ut' ’riTTl”.! V ^ « f *'» »» f xn*' 


ir *1*^1*^ T'^- '-.Ihn ► 
1, t\' i /r*r"-n’ f^. ••r’ 
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r-'r 
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the wounds, 1 responding to diphtheria 
antitoxin and the other succeeding bac- 
teriologicailj'^ unproved clinical diphtheria 
with faucial membrane formation show- 
ing an awrulent organism on culture. 

The validity of the diagnosis of diph- 
theria in manj’' of these cases could be 
doubted except for the currently well 
recognized clinical picture of cutaneous 
diphtheria. In only 3 instances was viru- 
lent C. diphtheriie recovered from the skin 
lesions, but as has been previously stated 
most of these patients’ lesions were clini- 
cally healed or nearly healed on arrival 
in the United States. In the instance of 
Case 17 the patient probably acquired a 
diphtheritic lesion of the skin of his right 
ear by contact in the ward of this hospital, 
but the diphtheroid organism obtained on 
culture proved awrulent. Because the 
lesions were healed no cultures were made 
on 5 patients. In all others pharyngeal 
and, where indicated, cutaneous or wound 
cultures were made. In only 1 patient 
(Case 10), who had pure cutaneous diph- 
theria, was a positive pharyngeal culture 
obtained, and this organism had a doubt- 
ful virulence. 

Diphtheria antitoxin was found neces- 
sary in only 1 case of cutaneous diphtheria. 
Case 17, but it had been used overseas in 
2 others, 1 of which. Case 2, was of 
e.xtreme severity. It had been used in 4 of 
the 7 proved or suspected cases of pharyn- 
geal diphtheria. The additional patient, 
mentioned previously in a footnote, de- 
veloped severe late neuronitis in spite of 
receiving 120,000 units in treatment of a 
prolonged faucial diphtheria. The series 
is too small to comment statistically on the 
efficacy of diphtlieria antitoxin in prevent- 
ing the sequel of polyneuronitis but these 
histories indicate that such treatment will 
not uniformly prevent this sequel. 

The clinical course of 20 cases of poly- 
neuronitis in this series follows the pattern 
of the Guillain-Barre syndrome with cer- 
tain exceptions. There was an interval 
of 30 to 75 days, excluding Case 7, be- 
tween the onset of the skin ulcers and the 
neuronitis. In many instances the ulcers 


were clinically cured, although in only 
2 instances were they completely healed 
at the onset of neurologic signs or syanp- 
toms. The onset of the poljmeuronitis in 
17 cases was evidenced by paresthesias 
and numbness of the hands and (or) feet 
followed, in a few days to 2 weeks, by 
motor signs consisting chiefly of foot drop 
and (or) weakness in lifting the arms. 
In 3 cases a stumbling gait or weakness 
in climbing stairs were the presenting 
symptoms. In contrast to the Guillain- 
Barre cases no patient complained of any 
significant pain. The advance of the 
process was generally slow for several 
weeks and then the motor symptoms 
abruptly increased. 

Contrary to the usual involvement of 
cranial nerves, especially the seventh 
nerve, in the Guillain-Barrd syndrome, 
only 5 of these cases showed transient 
cranial nerve involvement and only 3 had 
mild facial nerve involvement. The fust 
and second sensory divisions of the fifth 
cranial nerve were involved in all 5 case. 
In 2 of the 7 cases with faucial diphtlieria, 
transient cranial nerve signs had been 
present during the acute phase. I’ our 
additional cases of early' cranial nerve 
involvement failed to develop any signs 
of cranial nerve disease during Uie late 
form of neuronitis. 

An unusually mild and prolonge<i coupe 
of the proved or suspected diphtheritic in- 
fection was characteristic for most of tlicac 
patients who later developed poiyncuro- 
nitis. The duration of the infection was 
estimated from 45 to 104 days witli the 
majority persisting about 75 days, y 
the cases of pure phary'ngeal diphtheria, 
3 showed prolonged courses of active in- 
fection, namely 32, 46 and 2S days, re- 
peated administration of antitoxin heme 
necessary in Cases 11 and 15. Cases -» 
and 20 had normally short coun-cs, with 
prompt response to antito.xin. Lielwv 
and Dudley' suggc.st that such mild diph- 
theritic infections fail to raise the cf>n- 
centration of antitoxin in the blood lo . a 
level wliich would prevent proloiipci a > 
sorption of toxin or reverse the ..cbicx 
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/' reaction in some cases. Only Cases 12, 
14 and 18 of our scries demonstrated a 
y’ positi\"e Schick reaction in the late stages 
of the disease. Case 18 was a patient 
with clinically characteristic pharyngeal 
^ diphtheria from whom it was impossible 
to culture virulent diphtheria bacilli. He 
; ' received penicillin but no antitoxin. Cases 
12 and 14 were cutaneous diphtheria. It 
:i has also been suggested that certain of 
: these strains of diphtheria may differ 
b from others more commonly encountered 
in the United States, in their tendency to 
produce mild prolonged infections. 

‘ The severity of the cases is indicated by 
r symbols of ±4-, +4-. 4-4-4-, 4-4--I-4-, 
indicating mild, moderate, severe and 
very severe attacks. Cases 14 and 20, 
ela.ssified as =*=, hud definite but minimal 
- symptoms of paresthesia and weakness 
(of legs only in Case 20), had no loss of 
reflexes but loss of vibratory sense in the 
toes. Such cases might be readily missed 
unless the observer was alert to the char- 
acteristic signs and symptoms of the dis- 
ease. Ca.scs 1, 2, 4, G, 7 and 17, chussified 
as 4--f-4 — k, were all bedridden and re- 
cpiircd a.ssistance in feeding and turning 
their bodie.s. No patient had interference 
with respiration, nor were cerebellar signs 
or mental abnormalities observed. Almost 
all cases demonstrated widc.sj)read loss of 
the deep tendon reflexes of the arms and 
legs aiul frequently of the abdominal and 
eremasterie reflexes. Cases 14 and 20, 
although otherwise eharaeteristic, at no 
time demonstrated any loss of reflexes. 
A partial electrical reaction of degenera- 
tion of certain muscles was temporarily 
demonstrated in all grade 4--f to -f-k-k-f 
e.'ises and persisted in the right deltoid 
an<l serratus anterior in Ca.se 9. . 

The rennery was often abrupt, which 
is le.ss freqtu'iitly observed in reports of 
the (itnllain-llarro syndrome in which 
oeoasional ea^es are reported as persisting 
fiw .‘i years. Ibs'overy is generally com- 
plete with rare Jx>iduals of weakness, 
atrophy or sen-ory tinmage. The rate of 
retsn-ery is indieatt'<i in 'J’able 1 by 4 sym- 
bols from a slow recovery rate, to 


4 — ! — k, indicating return of function from 
a completely bedridden helpless patient to 
an activ'e ambulatory state within 3 weeks. 

The criteria for complete recovery are 
difficult to define. When function and 
sensation returned to a constant state for 
1 to 2 months the patients were adjudged 
as recovered. The duration of the disease 
varied from approximately 50 to 155 days 
W'ith the exception of Case 20, the mildest 
of the series, which lasted 17 days. There 
were only 5 patients who had exhibited a 
complete areflexia and then recovered nor- 
mal reflexes after 3 to 7 months observa- 
tion, namely Cases 3, 5, 11 and 15 within 
4 months and Case 1 only after 7 months. 
Cases 14 and 20 at no time showed loss of 
reflexes. Case 2 was not followed after 
the 3rd month being transferred to another 
hospital while still exhibiting considerable 
involvement but in a recovery phase. 
Nine patients demonstrated slight muscu- 
lar weakness chiefly in the peroneal, ham- 
string and hand muscles. Only in Case 9 
was persistent weakness and atrophy of 
marked degree noted after apparent re- 
covery, and this was in the right serratus 
anterior and deltoid muscles (Figs. 1 and 
2). Subjective paresthesia and numbness 
were persistent in only 2 cases, excluding 
Case 2, but slight hypesthesia to pain and 
touch in fingers and toes was present in 
4 cases. The most constant residual find- 
ing, exclusive of hypesthesia in or adja- 
cent to the diphtheritic skin ulcer sears, 
was a reduced perception of tuning fork 
vibration in the fingers and toes. In con- 
trast to the early stages, in the late 
recovery phase the pattern of sensory 
diminution did not follow segmental or 
characteristic major peripheral nerve dis- 
tribution. “Glove” or “stocking” type 
ancsThesia was common and suggested 
distal involvement of peripheral nerves. 
The irregular involvement of different 
phalanges excludc<i hy.'ierical origin. Oc- 
c.nsionally there was vibratory hypesthesia 
of the spinous processes of the lumbar and 
sacml vertebra', in the long bones of the 
extremities and the ilia. 

Frecpiently hypesthesia of the soles and 
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palms accompanied the recovery and per- 
sisted. This may have been partially due 
to the hyperhidrosis commonly observed 
in these patients. 


fatality from respiratory paralysis or a 
complicating pneumonia could occur in 
this tj-pe of case. 

The spinal fluid protein in Guillain- 



Fig. 1. — Case 9. Anesthetic, pigmented scars of healed cutaneoiv diplithcria. 



Fig. 2. — Ca^e 9. Residual scrrotus anfonor and deltoid muscle paraly-is re-iiilting in mnsti’i, 

of right scapula. 


In contrast to a mortality of 14 to 42 % 
in certain reports of the Guillain-Barre 
syndrome, no fatalities have been report- 
ed from these postdiphtheritic (hascs, al- 
though the extreme paresis suggests that 


Barrc syndrome is clmractcri'tic.all.v 
vated from 70 to 400 mg. per ' 

gcncraliy vithout an incrc.%'c of 
elements. In I.icbo'v’.s’" .'•cries the spiaa 
fluid protein varied from norma! tf> 
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125 mg. per 100 ml., with the majority 
varying from GO to 80 mg. per 100 ml. 
Only 9 of our cases demonstrated spinal 
fluid total protein content of 60 mg. per 
100 ml. or more, 2 of which were 120 and 
134 mg. per 100 ml. Five of our series 
demonstrated a paretic (first zone) type 
of colloidal gold curve and 1 case a mid- 


myocarditis found in these patients was 
not a result of diphtheria but a complica- 
tion of the neuronitis syndrome. iSlyo- 
carditis with electrocardiographic abnor- 
malities has been reported in Guillain- 
Barre syndrome and late myocarditis was 
noted in 1 of Liebow’s’* cases and has been 
mentioned in other personal communica- 



Fjg. 3. — EloctrocarclioRniniv of Case 1. Records of Dec. 10, 10 M, taken durinj; advance of 
polyncuroniti*-. Depression of S-T Ecptnciit in I^ead I and Lead II with elevation in Lead (chest 

icad in Ond ripht intereost.'il space). T wave dopresscd in I/cads I and II and inverted in lycad HI 
and Tipripht in D’ad (chest lead in -Ith ripht intercostal space). B, Records of Dec 22, lOD, 

show jnnrked improvement with no sipnifieant chanpc in the clinical state. C, Record-; of Fob. 20, IP 5.1, 
show further improvement in S?-T sepment and T w.avc chanpcs in Leads I, II, III and Cri_; and CFa.!. 
Clinical recovery w.ns ncll advanced at this time. 


zone typo. The total protein content, 
when elevated, increased in proportion to 
the severity of the symptoms. A con- 
valescent elevation is not uncommonly 
ohserved in Gnillain-BarnJ syndrome and 
was present in C a-^e 20. 

Altbmigh wo have no early clectrocardio- 
gntins except in Case 17. it is onr belief 
that nith the exception of thi- ca«e the 


tions. Tachycardia was present in 7 of 
onr c.ascs and also definite but transient 
electrocardiographic changes in 5 of this 
scries (Figs. 3 and 4). In Case 17 clectro- 
cauliogmphic abnormalities persisted wntb 
little change from the onset of the acute 
<Hphthcria through complete recovery of 
the neuronitis. 

Xo evidence of renal dani.agc was noted. 
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Tw'o instances of acute hepatitis (Cases 7 
and 20) occurred during the height of the 
illness. These may have been coincidental 
attacks insofar as acute hepatitis was 
prevalent at the time in the area from 
which these patients were evacuated. 

Drug therapy, including thiamine chlo- 
ride, is reported as worthless and no change 
in the clinical course was made by daily 


motor function in these patients. Case G. 
who was completely bedridden and unable 
to lift his head or extremities for ncarlj 
3 weeks, demonstrated no muscle atroplu 
and appro.ximately normal use of his arms 
legs and trunk vithin 10 days of tlie 
firet time he was able to stand upriglit. 
This would be a remarkable recovery for 
any bedridden patient, but for such a 



Fig. 4. — Electrocardiograms of Case 7. Records of Jan. 10. 1945, taken during adt-incing 
of polyncuronitis. Depression of S-T segment in Leads I, II and III with eIc\ation in 
CFi_i and CFi. T inivc depression in Leads I and II, inversion m Lead III and upright in Cl i-' no 
CFi_«. Records of Feb. 5 , 1945, taken during severe pha'c of the dvease. .S-T segnienls are i"^ 
electric. Ti and T: are upright, Tj isoelectric and T Cri_- in\ erted. Records of .Mar, 5, 191 a. To! cn i 
early reeoveiy phase, shons return to normal pattern with T» non upright. 


doses for 2 to 4 weeks of 100 mg. thiamine 
cliloride intramuscularl.v in 4 cases during 
the advancing phase of the process. It 
has been suggested that prostigmine may 
be valuable in the paralytic phase of this 
disease, but it was not used in this series 
of patients. 

Physiotherapy in the fonn of daily 
massage and graded exercises results in 
prevention of atrophy and the Idas of 


patient with generalized paralysis it 
a strong indorsement of tliis form o 
treatment. 

The following is a more detailed 
of 3 cases in the scries, the first 2 I>cinc 
a mild and a severe attack follovinp ciila* 
ncous diphtheria, the third being a « ' cr* 
one in vhich virulent diphtheria ban^i 
were suspected of being prc'cnt m 

empyema wound, but neverdernonstrate > 
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Case Histories. Case 6. H. A. 0. 
(Fig. 5.) This 24 year old enlisted man 
developed a vesicular dermatitis, general- 
ized, while in combat and living on C & K 
rations, in the Soutliwe.st Pacific theater of 
military operations in mid-November 1944. 
The dermatitis cleared with local treatment 
and he returned to duty in 2 weeks, but 
about Dec. 6 1944, about 15 ulcerated lesions 
appeared on both lower legs, ankles and 
feet. He was hospitalized with a mild 
fever (maximum of 100.4° F.) and was 


ulcers had started to heal. About Jan. IS, 
1945, he noted numbness and tingling of all 
his finger tips and within 24 hours similar 
sensations in the toes and “balls of the feet.” 
He was admitted to Baxter General Hospi- 
tal on Jan. 23, 1945, rrith about 10 partial!}' 
healed ulcers varjdng from 5 mm. to 4 cm. 
in diameter and with the above-mentioned 
symjAoms of numbness and tingling in his 
hands and feet and a tendency of his legs 
to buckle under him when he walked. Gen- 
tian violet solution was applied to the ulcers 
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Fkj. Ti. — Cii.^o C. Chronoloaic duipnim of clinical courrc .and spinal fluid protein chance-. 


(ronted with .‘julfatliaziuo orally, penicillin 
inlravcitottsly and local saline anti jtcnicillin 
moi.st drossinsrs on the lesions. Although 
the skin lesions were characteristic diph- 
theritic ulcer.«, rotuid or oval with sharply 
tiemarented borders and grayish brown 
membranes which later oru«ted, C. di'p/i- 
t/irrf.T was not i-olateti by culture. No 
tliphtheria .antitoxin wac administeretl. 

He na< ev.aetiatotl to the continental 
riiiteti St.atc'^ in early J.amiar}- 104.5 as a 
litter p.atieut by \thich titno many of the 


and drx- dressings were used and the ulcers 
licaled coinjJefcly within the next 4 weeLs, 
with .smooth anesthetic surfaces and heawly 
pigmented areola-. 

A neurologic examination on Jan. 2.5, 1945. 
reve.aletl hyj)esthesia, hypalgesia and diinin- 
i-hetl temperature .sens.ation in both Ijand.s 
and lower legs, .and weakness of the mu-'cles 
of tlie shoulders, arm.s and leg=, and espe- 
cially the posterior deltoids, muscles of the 
liands and the hamstring and peroneal 
groups. There was reduced vibrator, • sense 
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of the bones of the hands, forearms, feet 
and lorrer legs. Biceps, triceps, patellar 
and Achilles tendon reflexes and the abdom- 
inal and cremasteric reflexes n-ere absent 
bilateralfy. There -was no cranial nerve in- 
volvement. The leukocjrie blood count was 
11,600 per c.mm. (9% eosinophils). The 
spinal fluid on Januarj' 27 revealed 1 cell 
per c.mm., 33 mg. per 100 ml. total protein, 
a heaT.y trace of globulin and a colloidal 
gold reading of 2111110000. The Schick 
test was negative. 


His condition remained stationary with the 
e.\'ception of a diminution of the numbncjs 
and tingling of the feet and hands between 
Februars" 24 and Hlarch 14. Studies of sen- 
sor3’- changes in this period iUustrafe a sec- 
mental distribution of hypesthesia, h.vpai- 
gesia, diminished temperature sensation, 
\dbratorj' sense and proprioception as in 
Figure 5, namely Ci to Ti and Lj to Si on 
the right and to Tj and Li to Si on the left. 
Asterognosis and atopognosis existed in the 
hands and feet. IMuscle studies revc-ilcd 


SrssoRT Exauivatio.v {Chart 00 anatomical figure-;): 
light touch.* rain.* T.ni|K.ral,.rc:± VibratorCS^fixTr-^nna Slcrcogno-i- sc Topogno,!,*. 

# / 

Z1 ^eh fr 



Fig. G.— Case 7. Pattern of liypcstlicsia .tna iuTialRe.-tia 


His sen.'orj* sx-mptoms remained unchang- 
ed but tlie xveakness .riowly increased and 
by February 12 he was unable to stand un- 
a.«sisted or to lift his arms to comb iiis imir. 
Bv Fcbru.arj- 24 lie xvas unable to elevate 
his trunk, liead or legs, to turn himself in 
bed or to lift his forearms to feed himself. 


reduced poxver of all muscle 
trunk and extremities and a 
(inability to move acainst gravity) oi^ 
posterior deltoids, all hand mipelr-, hip ro-) 
tons and gluteab, bilaterally, and o. it/- 
hamstrinc, peroneal group-' and 
mins and of the right middle and 
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trapezius muscles. Partial electrical reac- 
tion of degeneration was noted in these 
muscles, as evidenced by a sluggish reaction 
to strong faradic stimulation. Slight reac- 
tion of degeneration was noted in the other 
muscles of the upper and lower extremities. 

The tendon reflexes w'cre still absent on 
February 24, but the right epigastric and 
right cremasteric were present, although 
sluggish. 


positive globulin, and a negative colloidal 
gold test. 

On April 7 the tendon reflexes of the upper 
and lower extremities with the exception of 
the right Achilles tendon reflex which was 
absent, had returned although the\' were 
faint. There was , demonstrable weakness 
of the right thigh adductors and hamstring 
groups and hypesthesia of the entire right 
foot and left second to fifth toes as well 
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Fig, 7 .— Ca''0 7 . Clironolopic dinprnm of clinical course and spinal fluid protein c}innpc=:. 


The si)innl fluid on Febninry 10 revealed 
no cells, SO mg. ])cr 100 ml. total protein, 
colloidal gold of .321 1100000 and positive 
globulin test (Tandy). 

Improvement in muscle power started 
.abruptly about March 10 and by March IS 
ho could feed and care for himself in bed. 
lie was able to stand unas‘-i>ted and %\alk 
assisted by March 27 and by April 7 was 
actively ambulatory. Muscle tests on 
March 2.'? slunvcd that all muscles rated 
cood or lU'rmal in the lower extremities, 
but the hand muscles, pnrticidarly the inter- 
oss('i. were still jxior to fair. Partial reac- 
tions of degeneration were still noted. 

On March b’ the s]nnal fluid showeil 
3 cells, t'vS mg. jK'r 100 nd. of total protein. 


as reduced vibratorx' sense of the phalanges 
of the hands and feet and of the right meta- 
tar.cnl bones. 

Improvement continued .slowly with toe 
drop and .slapping gait and .slight general 
leg weakness until about May 1, but par- 
esthesias had com})letely disaitpearcd by 
April 22. On return from furlough on .Tune 4 
his spin.al fluid .showed 2 coll=, 30 mg. per 
100 ml. total protein, a negative colloidal 
gold test, and a trace of globulin. All ten- 
don reflexes and superficial reflexes were 
pre-ent hut the .\chil!es reflexes showed 
diminished force. Tliere was ?licht hyjr- 
esthesia of the toe-s of the riglit foot and" in 
.and adjacent to the sctirs of the ulcerative 
lesions, the dorsum of the loft foot and toe; 
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and anterior lower two-thirds of the left 
lower leg. Vibratorj' sense was diminished 
in all toes and in the right and left fourth 
and fifth metatarsal bones. There was no 
demonstrable muscle weakness and electri- 
cal reactions were uniformls' normal. 

Thiamin chloride in doses of 200 mg. per 
day was gir^en intramuscularly -without 
apparent effect in the advancing stages of 
the disease. Massage and passive and active 


abruptly developed shortness of hrcatl. 
This became increasingly severe in the r.?v, 
24 hours until he was hospitalized at whid 
time the presence of a massive spontnnwj; 
hemothorax on the left was determined ty 
thoracentesis. Ko significant trannin 
ceded the hemothorax and no cause wa; 
found for it at later investigations. .'Vitor 
a second tapping he developed fever and 
emp 3 'ema was diagnosed. On .4prii 10 lie 


Sensort Exaiii.vatio.s (Chart on anatomical 6gnrcs): 
light touch.ir, PaiD,::^:. Tcmptrature. XT Vibratory. jV" Po'ition.vi^' Stcrcopno«i' 



exercise were used through the entire course 
in progressive degrees. The constant atten- 
tion of the physiotherapist wa's probably 
responsible for the rapid return of strength 
and for complete absence of muscle atrophy 
after the proccs.^ had started to recede. 

C.vsE 7. J. McC. (Figs. 0 and 7.) This 
patient, age 2G, gave a history of onset 
of bis present illnes= in January 1944 while 
stationed in .Alaska, at which time he 


was transferred to Ihunmond General Ih’" 
pital, California, and on May 2! a 
cotoiny was done with rc.-cction o, t 
eigfith and ninth rih= on tho left, 
this his vound vas irrigated d.aily 
D.akin’s solution, and ufKin adniF-n'C^ 
this hospital the cinpycrna c.avify 
approximately ISO cc. of fluid. _ lor 
niately 1‘ months Ix-forc adiniss-.oti to- 
of the spare had not alterid appr'^'"- • 
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His general condition upon admission to 
this Jiospital was good and he was ambula- 
tory, Because the space was not obliterated 
1)y October 23, a Schedd thoracoplasty, with 
resection of the fourth to ninth ribs with 
complete unroofing of the space -was car- 
ried out. The patient received penicillin 
postoperativclj’’ until November 12 at which 
time the space measured approximate!}' 
.')0 ml. The space continued to reduce in 
size for the succeeding 4 weeks. His general 
condition was satisfactory, but about No- 


denc}' toward ulceration of the granulation 
tissue and skin about the opening of the 
wound. The patient continued to run a 
septic type of fever and have pain in his 
chest. On December 13, when increased 
drainage of the empyema was noted and 
the space reopened, it was found to hold 
approximately .oO ml. of fluid. It was now 
noted that a ver}' definite cellulitis of the 
wound had developed and the infection 
Avas indolent, characterized by the produc- 
tion of considerable purulent material 
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vembor 2-1, flic patient becan to complain 
of pain in the loft chest and a friction rub 
was noted. ICxamination of the wound was 
negative and there was no evidence of a 
bronchopleural fistula. In December the 
space eont.nined about 10 ml. of fluid and 
tliere wa'^ eon';iderable amount of cramda- 
tion tisme .about it« oj'enim:. About 'his 
time the patient becan to run a fever of 
100*' to 101 *' 1'. lie complained of pain 
nrouml the ojaaiim: of the wotiml and the 
wound it. -elf became inflamed with .n .-h.acin* 
dirty CMfim: of fibrin upon if, and n ten- 


shairi:}- fibrin coating on the pleural surfaces, 
and a tendency toward ulceration of the 
skin borders around the wound. Because 
of the ehronicity of the infection, material 
from the wound wa« stained, cuUurc<i and 
injectcfi into a tminoa piix in search of 
tubercle bacilli but none were found, 
BccaU'C of the cellulitic of the wound 
Koentcen ray radiation wa- given .and tliere 
Ava'i some moderate improvement of the ex- 
te.-na! apjHraranro of ihe wound. Penicillin 
wa^ dvon both .«i.-.«temicany and locally 
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■without much alteration of the course of the 
disease. 

About the end of December 1944, he rather 
abruptly developed numbness and paresthe- 
sias, and hj'pesthesia -was demonstrated in 
the distribution of the fifth cranial nerve, and 
the ninth to eleventh thoracic nerve seg- 
ments, especially on the right, the fifth to 
eighth cer^^cal segments and the first tho- 
racic segments on the right and left. These 
changes involved the lower neck and por- 
tions of the arm, the upper chest and a band 
around the mid-chest and upper abdomen. 
This area showed h 3 ’pesthesia, h 3 'palgesia 
and diminished temperature sensation. The 
s 3 Tnptoms and signs increased in severit 3 ’^ 
and about Jan. 10, 1945, he developed 
diplopia on looking towards either side, 
due apparentl 3 ’^ to an involvement of the 
right and left sixth cranial nerves. This 
cleared in a period of about 1 week. On 
Januar 3 ' 18 there was slight paralysis of the 
left twelfth cranial nerve noted b 3 ' the 
tongue protruding to the left, and there was 
a slight persistent weakness of the right 
external oblique ocular muscle. . 

From Januar 3 ' 1 to 20 he complained of 
tinnitus in his right ear uith slight impair- 
ment of hearing on that side indicating 
involvement of the right eighth nerve. He 
had a moderate headache during Januaia'* 
The process advanced through the middle 
and end of Januar 3 ' and b 3 ' Februar 3 ’’ 1 
there was difficult 3 '' in swallowing indicating 
involvement of the motor roots of the fifth 
and possibh* tenth cranial nerves. There 
was difficult 3 ' with phonation and bilateral 
h 3 'pesthesias of the face. IVhereas the deep 
muscles and cutaneous rcfle.vcs had been 
normal on JanuaT 3 ' 18, all tendon reflexes 
in the arms and legs including knee jerks 
and ankle jerks and all abdominal, cremas- 
teric and corneal reflexes were found to 
be absent. He had. an at 3 ’pical Babinski 
reflex on the right. 'Weakness of the legs 
had developed most notably in the quadri- 
ceps, pcroncals and the hamstring muscles, 
and there was hypesthesia and paresthesias 
from D-10 to 8-2. 

By Febniar}' 21 the weakness had increas- 
ed especially in the shoulders and arms, 
and there was some atroplu" of the inter- 
ossei muscles. His spinal fluid, which earlier 
w.as not abnormal, at this time .riiowcd .a 
total protein of 5.3 me. per 100 ml. About 
Februarv- 20 he developed an acute liepa- 


titis as e'^’idenced b 3 ' jaundice, light stool.e 
malaise and nausea with slight rise of tem- 
perature over his previous level. 

The jaundice and laboratory' evidences of 
hepatitis disappeared within 2 weeks but 
throughout the last week of February and 
all of March he was completely bedridden 
being unable to feed himself, lift his lic.<id 
or turn his body. Throughout the entire 
period he had demonstrated a moderate 
fever. His Schick test was negative and 
cultures deep from the chest wound slioacd 
aydrulent diphtheroid organisms. In spite 
of this fact the use of diphtheria antitoxin 
was indicated in view of the nature of the 
wound and the neuronitis which had de- 
veloped. On ^larch 24, 20,000 units were 
administered and as a result of this lii< 
temperature returned to normal in 3 d.ns 
and remained unelevated. There "a® a 
marked improvement shorth' demonstrated 
in the character of the wound and rapidly 
diminishing discharge from the empyenia 
cavity which spontaneously' healed. 

About April 1 he abruptly showcrl hn- 
provement in the neuronitis, although as 
early as the middle of ^larch there vns a 
return of sluggish knee jerks. The total 
protein of the spinal fluid was 117 mg. 
ml. on April 5. By April 14 he shoived gen- 
eral improvement in strength, and was able 
to stand and walk -with only moderate 
assistance. Improvement continued rapidly 
and about May 20 he ■was aware of no sic- 
nificant •rveakness. However, the knee jcrk= 
were diminished ns ■rvas the right ankle jerk 
and the left ankle jerk was absent. There 
■was definite diminished vibratory sense in 
both feet and the right patella. Hi-' f-P'"''* 
fluid protein on June S still showerl CO mi:, 
per 100 ml. _ 

The electrocardiogram on January 
showed depro.«sion of S-T interval- 
flattening of Ti with inversion of T; and t- 
The clcctrocardiogr.ams of c.arly I cbniary . 
fVfarch and Ajiril had returned to a norma 
pattern. 

At the time of his discharge, July 4, L u 
he presented only slight weakne-s o, 
dor^^flexors of both feet and a slight O'- 
scioii.mc.-.s of a .riapping gait on the left < e 
to foot drop) when w.alkirig rajedly- 
ankle jerks were very shicgi=h evfri^ v < - 
reinforcement hut the knr-r’ jerk' P-‘ 
ent although the left va.' faint, p- h-vl i. • 
cle3.n-cut T5iibin5ki rofic'X, tw# n- 
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plantar reflex occasiona% showed an atypi- 
cal dorsiflexion of the great toe. There 
was a loss quantitatively of vibratory sense 
of all the toes and in the metatarsal bones 
and the internal malleolus on the left. He 
liad gained 35 pounds from his lowest weight, 
as of April 1, and his general condition was 
excellent. There was no e\ddent muscle 
atrophy. His general muscular strength 
was excellent with the exceptions noted 
above. 

Case 10. D.H.F. (Fig.s. 8 and 9.) This 
29 year old infantryman developed a mild 
dermatitis of his lower legs in October 
1944 when in the Southwest Pacific theater 
of operations. Ulcerative lesions apj^cared 
on both lower legs, ankles and feet and 1 on 
each Avrist by NoA^ember 1. They increased 
in number and size requiring hospitalization 
on December 1. Virulent C diphtheriae 
Avas cultured from an ulcer and a diphtheroid 
organism of doubtful virulence from the 
throat on IDeccmber 9. Penicillin Avas ad- 
ministered intramuscularly for 6 Avecks begin- 
ing December 10 in amount of 120,000 units 
])or day, and as an ointment on the skin 
lesions. On December 27, 40,000 units of 
diphtheria antitoxin AA'cre giA’on intramus- 
cularly. The skin lesions sloAvly healed and 
Avcrc smoothly ei)it!)elializcd by Fob. 15, 
1945. 

About Dec. 15, 1945, slight numbness 
and tingling of the toes and numbnc.ss of 
the feet and ankle.'^ AA'ns first noted and 
about January 12 the numbness had extend- 
ed up the left lower leg and there Avore 
parc-sthesias and numbness of both liands 
and Avrist-s. Tljis Avas not troublc-some and 
the history Avas elicited only on specific 
questioning. He had moderate difliculty in 
focusing his oa'c.s on reading from Dec. 15, 
1944, to Fob. 1, 1945. 

Phiisiml exatninatio!} on February 10 re- 
vealed slight hype.'ithesia to pain, touch and 
tompeniture from the fourth lumijar to the 
first sacral dermatomc.s and sliglit reduction 
of A-ibratory sense in the toes. Tiiere Awas 
slight weakness of both deltoid muscles. 
.Ml superficial .^kin and deep tendon reflexe.-: 
were normal and the spinal tlui<I was normal, 
namely 29 mg. jK>r 109 ml. of total protein. 
1 cell per c.mm. and a normal colloidal gold 
determination. 

.M'ont I'ebniary 1.5 he first noted Aveak- 
ne<s of llie grip of his liand-', a .dapping 
gait Avith doap and ditliculty in a.=ccnd- 


ing or descending stairs. This AA-eakness Avas 
obserA'cd Avhile the patient Avas home on 
furlough and on bis return to the hospital 
on IMarcli 25 improvement Avas cA'ident. 
Examination on Flarch 28 revealed an ab- 
sent right patellar refle.\' and absent Achilles 
reflexes bilaterallj' with AA'cakness of both 
quadriceps femoris, hamstring and peroneal 
groups and the extensor muscles and intrin- 
sic muscles of the hands. There aa'Bs hy]> 
esthesia of both hands and aatIsIs and of 
the third lumbar to the first sacral segments 
bilaterall}' except for hyperesthesia of the 
right sole. 

The patient’s condition improA^ed sIoaa’Ial 
Repeated spinal fluid examinations were 
normal. By April 20, 1945, he complained 
onl}’- of slight numbness of the feet Avhich 
Avere hypesthetic and slight Aveakness of the 
left leg. The patellar and left Achilles re- 
flexes were present but faint and the right 
Achilles reflex Avas absent. At the time of 
his discharge on May 28, 1945, he had no 
complaints but there Avas slight AA-eakness 
of the left hamstring muscles, Adbratorj' 
sense lost in the right great toe and dimin- 
ished Aubratory sensation in the phalanges 
of the other toes and the right fingers and 
AA'rist bones. All tendon reflexes Avcrc nor- 
mal at this time. 

Summary and Conclusions. Twenty 
cases of late polyncuronitis are presented 
folloAA’ing proA-cn or .suspected cutaneous 
and faucial diphtheria. This syndrome 
differs from tlic early diphtheritic neuritis 
commonly observed. Approximately 20% 
of all cases of cutaneous diplitheria ac- 
quired in the South Pacific theater of 
operations, obserA-cd at tlie lio.spital in 
which these studies AA'crc made, dcA'cloped 
polyncuronitis. 

The clinical picture and .spinal fluid 
findings closely resemble the Guillain- 
Barre .syndrome AA'ith the exception that 
pain AA-as not a symptom in any case. 

The initial symptoms occurred gener- 
ally from 1 to 3 months after the onset 
of the diphtheria. These symptoms Avere 
I'ommonly numbness ami parestlu'sias of 
the hands and feet. At the height of the 
illness, .) of the patients Awre completely 
iucaj)aeltated. but .sevenal presented only 
minor sensory and motor disturbances 
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Needle biopsy of the liver has gained 
;< popularity slowly. The first recorded 
ji puncture was performed in 1833 by 
, Stanley" to drain an abscess. Probably 
the first puncture for the purpose of biopsy 
"" wasdoneby Lucatello'°in 1895. Although 
” ' used not infrequently in Europe, the pro- 
L cedure was for the most part neglected 
by American workers until the advent of 
widespread epidemic hepatitis in World 
War II. 

From our experience with about 100 
'■ biopsies we believe that frequent use of 
(his procedure is justified. The first 79 
of these biopsies have been analyzed to 
estimate the chances of obtaining satis- 
factory material for microscopic examina- 
tion as well us to determine the diagnostic 
, value of such a procedure. 

There arc 2 general methods of doing 
needle biopsy of the liver. In 1 a very 
small bore needle is introduced into the 
liver with or without (he administration 
of an anesthetic and a few cells arc aspi- 
. rated with a small syringe. These are 
exjwessed onto a slide, smeared and exam- 
ined directly and again after staining, 
usually with a Romanov.sky dye. Al- 
though (his method is safe, its propo- 
nents^'’'''’*^ freely admit that the study 
of stroma and architecture is impossible 
with the sjHH’imen oijtained. They do 
state, however, that frequent diagnoses 
are ]w<sii)le. 

3'he other method emiiloys a larger 
needle whleh yields specitnejis of tissue 
large eiuwjgh for the prejiaration of jiarallin 
S('etion. Thi'i was originated in 192.3 by 
Uingel atul Olivet, quoted by Olivet,” and 

* Li^inu'inr in Mi'.hrifi', Tiitnjir Srhi' 

No« OrK' ui-;. 
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extended by Olivet" in 1926. This method 
has been attended by a certain degree of 
risk. Olivet" reported 2 deaths from 
hemorrhage in 140 biopsies. In 1939 
Inversen and Roholm®’'^ did IGO biopsies 
on 114 patients using the large needle 
technique through an intercostal approach 
in the posterior axillary line. Satisfactory 
specimens were obtained in 77.5% of the 
cases and 2 patients showed clinical signs 
of moderate to marked intraperitoneal 
hemorrhage. However, the patients died 
later and at autopsy it was thought that 
the deaths were not due to hemorrhage. 

Baron,' who reported the first liver 
biopsies in the United States, used a tech- 
nique similar to that of iversen aiul 
Rohohn except that the liver was ap- 
proached from below the right costal 
margin anteriorly. In 49 i)iopsies on 36 
patients he had I death from hemorrhage; 
in 1 of the patients he obtained a small 
piece of colonic mucosa without apparent 
ill-effeet to the patient. 

IMorc recently, Tripoli and Fader'" re- 
ported 1 4 cases done with the Sil verm.'inn"’ 
needle from the anterior subcostal ap- 
proach without complication. ]^il)le, Me- 
Michacl and Sherlock"' performed biopsy 
on 126 cases of acute hepatitis using the 
technique of Iversen and Rohohn with 
1 death due to intraperitoneal hemor- 
rhage. Two other patients showed signs 
of intraperitoneal hemorrhage within 24 
hours of the proccdjire but did not <lie. 
Subscqtiently. 2 other patients tlied. 1 
having acute hepatic ncero--i^ as shown at 
autopsy atul the other liaving a large 
amount of blood-stained a-eitic fluid. 

I ami Memtv-r nf .'■'ortsKs to Misi'.r-r.s. Orn-r.tr 
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1 ficy Inticldffl'd tiitlt "(111- t( rlltilf|lli- l-iin- 
iiiii ill- ri-riiniiiiftntril .'11 II ri'iiliiii* jim- 
ii’iiiirr.” KsilJ; mill liii ciillnliiir.itori’ 
ri']M>r'i’ii biiijiiir. olifaiiii-il hy 
lujt.iriv iiipy tunl li\i r jimirttiri- v.ith a 
■J mill, r.itillillii li!i\iiip a • aw-tiiodii-il »i(;;i-. 
'riiiTt- Urn- i|(i l•tlmIIiil•a(illn•^ in ]LVt pa- 
lii-nt- '.tiiilici! DVi-r a " vi‘,ir jH-r!i>‘t. 

H.iiTl i.itii-r,* im a ha-i- i>f i-xpi-rii-m-i* 
uaini-«l in tin- ix-rfurmaniT of fi'i liioj. ic, 
ri'nimiiii-iiii'-d till- ii-i-of a nioiiifii-il Sifvi-r- 
mann ni-i-ii!i- ami foiiin! tin- proia-iinn* ■•af*- 
in (la- pri- i iifi- of a Iar,ii- amt i-.i'-ily palp- 
alilr livrr }iii( iliil Hot ailvit<-.i(i* it for 
(Ilf normal -'ii-fil lixi-r. Mora ri-ia-ntly, 
liof. fvi-r, 1 .-f.i-rf Iifinorrliniif liai l>f>-n 
n-jwirifil from liii (’linif.'" Ualiy’- mlilfil 
a (M l- of fatal Iifinorriiii!^f in hi-- .-i-riri to 
hritip iii-. follfftfil total to 7. 


ami nion- n i-f ntiy tin- Kotli-Tnrkcl,’* cw- 
•'iiti-ntly pood r(',-iilt.‘i liava liacn olit.-iincd 
'I'lif Uotli.Tiirkf! tiffdlf (Kip. 1) am=ki 
of an oiiti-r trocar xvith .stylet and an 
inner hollow needh* with .‘•inall s.aw-tcct!; 
at llif end. The trocar U advanced to 
tin- “iirfaci' (o he examined and tlie.'nict 
removi-d. '1‘he inner needle is introduced 
and ••lowly advatimi and rotated to cut 
out a core of ti-iiic aliont 2 nim. in diatn- 
eti-r. 'i'iie end i-^ moved .‘•iipiiily to free 
the core and the needle withdrawn as 
nep.it ive prt--iiire is maintained with an 
attached 1*0 ce. .syrinpe. A cylinder of 
ti'siie 0.2 em. hy 2 or d em. i- usually 
olitained. 

The procedure is ilone at the Iwhide 
xvitlioiit jirejiaralion exeejjl for mild seda- 
tion for a))j)rehen'-ivi; patient.s. Tl'.c liver 
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In the rievelaml (fity Hospital from 
the latter pari of 10150 to .Inly l.'i, Ifil.T. 
SS needle hioji-iei of the liver wen- done 
on 70 patients. Nine of these were iloiie 
postmortem, -I antemortem with peritone- 
oscopy eotitrol and (57 antemortem with- 
out jieritoneoscopy. The jirocednre was 
ilone hy .several ilifl’erent jihy.sieians and 
the jiatholopie material wa.s studied hy 
tiilferent pathoiopists. ]'or more accurate 
evaluation tlic study has heen divided into 
2 period.s. The first part, cxtcmiinp from 
1030 to .Tilly 1, 1913, inclnde.s 20 hiopsie.s 
which wore done xvithont special instni- 
ments and with only a moderate deprcc 
of Hticce.ss — 01.0% (Table 1). Tlie tech- 
nique diirinp tin's time con.si.stcd of intro- 
duction of a larpc horc needle into the 
liver and aspiration with a syrinpe. Speci- 
mens consisted of powdery (leeks of tissue 
xvhich were fi.Ncd in Schaudinn’s solution 
rentrifuped, and sectioned. Durinp the 
second jrcriod from ,Tuly 1 , 10-13, to July 15, 
lO-io, Iry of tlic Silvcrmann'® needle 


is jnilpated and imiess there is a definite 
nodule to he entered, a spot a few cent!- 
meliTs to tlic riplit of the .xiplioiil procc& 
and helow the costal marpiii is selected. 
The skin is cleansed and prepared xnth 
alixihol and iodine. A sterile drape an 
ploves are useil. The skin is infiltrated 
will) 1 or 2% procaine and the infiltration 
is carried down to and including Giissons 
capsule if jjossildc. The skin is incise 
with a bistoury and the biopsy ncconi 
plished, the needle usually being directed 
u])ward and to the ripht toward the cen er 
of the liver. The activitic.s of the patient 
arc not limited ns a result of the proce 0*^- 
There are certain risks whicli the 
cediire entails. Po.ssihic hazards me u ® 
c.vccssive bleeding into tlie peritoneal ca' 
ify or abdominal wall, perforation o > 
large or small intestine or gall b a f > 
introduction of infection or spread oca 
ized infection into the general penton^ 
cavity, and injury to nearby viscera si 
as the kidney, adrenal gland, or pancre, - 
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In our series there were no serious conse- 
quences. Nine patients complained of 
abdominal pain for varying periods after 
the procedure, the usual period being for 
1 or 2 days, but 2 patients continued to 
complain for 5 days. One patient had 
moderate epistaxis following the proce- 
dure. In 1 case peritoneoscopy was done 
the day following the bio]).sy, and e.xcept 
for a very few small particles of old blood 
in the peritoneal cavity no evidence of 
damage was seen. In IS autopsies no evi- 
dence of serious damage was found.* 


four patients are known to have died, in 
18 of which autopsy was performed. 

The relative frequency of each biopsy 
diagnosis is shown in Table 2. These 
diagnoses were reported by 3 different 
pathologists and the diagnoses are unal- 
tered, although cases were reviewed. 
There is a striking difference in both the 
diagnostic and unsuccessful biopsies before 
and after introduction of the special 
needles. The diagnosis of carcinoma is 
by far the most common and includes all 
slides in which the diagnosis of malignant 



Fio. 1. — Rolh-Turkcl noodle with Rro«s .specimen obt-iinod. Scale is in centimeters. 


Tabic 1 shows the number of biopsies 
done each ycjir with the degree of sticoe.‘=s. 
Fntir of the liver biopsies done in 1913 
wore iiftcr the introduction of the sjtecial 
needles. The concomitant increase in 
utilization atid percentage of success is 
cjtsily seen. Bioi)sies were considered suc- 
ce.Ksful when an amount of liver tissue was 
(d)tained which was large oiough for 
pathologic study. The period itt 1915 
includes only those tip to July 15, 191.1. 
The groti]) included 52 men of whom 10 
were white and <5 Negroes, and 21 women 
of whom 11 wt'rt' white and 7 Negroes. 
.\ges ranged fmm 21 to 70 years. Forty- 


neoplasm was made. The most frequent 
of these was "partially differentiated 
adenocarcinoma metastatic to liver,” but 
.‘^omc were less specific— “undifferentiated 
carcinoma” or “malignant tumor” of the 
liver. The diagnosis of fatty metamor- 
phosis was usually .a secondary one in a 
case of tumor or cirrhosis but in a few 
instances it was the only diagnosis. A 
report of “consistent witli Laenncc's cir- 
rhosis” tisually stated periportal or focal 
filirosis and chronic periportal hepatitis 
consistent with Laenncc’s cirrhosis if 
representative of the entire liver. .An 
unequivocal diagnosis of Laenncc’s cir- 


• In t!io biop'sci whifh ixorv <Jor.o Mih'oqxirnt to thi' two nccilcr.t' twcv.rrtyi. In. cr.i'. t,’U‘ wa*. 

^‘pirntovl fo'ni tV.f rnlU'Ir.liP'r vhirli. r-'- '■hot' a hy .‘uh-o.^uent autopsy. l.Afi Ih-c;'. ptincltirf-l i v 
fivin?: till' .nnlcrior pnrt of thp livor. Tiiiv wn'. lino'tnrli'^tcl -ml h.'idnoti.mf: to do wi-.i, ’tl.r p-.t-'orit'- 
• h'tth. In tho other, tlio Int'.h'r.'mi wr.v nppnrt'ntly iH'r.eti.'stt-rf, the Ir.o; of d'-nd.'nV.i 
mtiiM'n. Thi-rv wr.' rt' f( ver. trsuV-Tn'". or di'.nlnhty. h'-.jr’i inon.hr.!'. Low r\ .'r.^v^Tifri., , 

iliu'trnto tho thtino: of tho pro.>'h!n' r.nii tr.'.phr.'iro il.r- cr.rc 'xh'irh .‘houLI K' t.nlc'r; -Rith vte'no' 
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1 Hciiio'idrro'ii. rlirlit rlironir jrt-riiMirtM 
licji'itiliH 

2. I'lirtiiilly ilifTcrcntiiitod ndrnociirriuoiim 
tiK'hiiliilir to liver 

a. I'liilifTereiitinled r.'ireiiioinii of liver 

■I. Liver — no imtlioloKie (liiiRiiosis 

a. rutty iiietniiiorplioiis, nmrked; filirosK 
eoii'-istenl ivilli elinieal dininioM- of 
Lnonnou'w eirrtio-ii 

G. I'oesd fdiro'-is — ronsisteut with Ltieimoe’.s 
cirrhosis 

7. Consistent with Lnonncc’s eirrhosis 

8. Secondary careinonm of liver — prohahly 

scitiamoti" cell 

9. Lnonnec’s cirrhosis, fatty metamorphosis 

10. Il'ndin'ereutiatcd enreinoma, fibrosis and 
atrophy, consistent with primary carci- 
noma of liver 


IlemorlironiatO'is; I..:iennec’.s cirrhosis 

Partially differentiated adcnocarcinoni.a of 
IkxI.v of J>T\um‘a^ 

VndiffiToutiated oarcinoiiia of the bronchui 
with n)c!n''t:L''0'% 

ri\s>ivo hyj>cremia nf liver 

ProhalWe prirnarj’ careinonKT of liver: Ijacn- 
nee’s cirrlin*'!'* 

LnenneeV cirrlio^is 

I/»\ennce*s cirrhosis 

I»nrtinlly clifrerontmfcci cell wr- 

rinoiiia of csophaRUS with nlet^^sta‘=e^ 

Lacnucc'f cirrhosis 

Primaiy eareiuomn of liver; Lacnnccs oir 
ihosis 
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rliosis was made wlicn a sufficiently large 
sample was obtained to rule out subcapsu- 
lar or focal fibrosis. The classification of 
acute hepatitis includes both periportal 
and diffuse types. The “unsatisfactory” 
cases are those in which sufficient tissue 
was lacking for a histologic diagnosis. Of 
the 5 unsatisfactory instances in the later 
group, .3 were in patients who subsequently 
had satisfactory biopsies. 

The autopsied cases (Table 3) afford an 
opportunity to check the accuracy of the 
biopsy diagnoses. In the period 1939- 
1943, 4 may be considered to be correct, 
whereas in 2— bile duct carcinoma (No. 5) 
and focal fibrosis (No. 3)— the lesion was 
missed. The case of carcinoma of the 
esophagus metastatic to the liver (No. 1), 
in which only blood was obtained by 
biopsy, must be considered a gross error. 
The diagnosis of normal glycogen storage 
was undoubtedly correct but was not sub- 
ject to check at autopsy because of post- 
mortem tissue chango.s. 

During the period from July 1, 1943, to 
1945, 7 of the 10 biopsies may be consid- 
ered correct and in 1, a carcinoma (No. 5), 
probably primary in the liver, was missed 
although the accomjianying cirrhosis was 
correctly diagnosed. In the case of pas- 
sive hyperemia diagnosed at autopsy 
(No, 4) there is quc.stion as to whether 
this change was present when the biojisy 
was taken. The biopsy <liagnosis of hemo- 
siderosis and slight chronic peri])ortal 
hepatitis (No. 1) is not altogether satis- 
factory in the case of hemochromatosis, 
although it is consistent. 

To assess the clinical value of these 
biojisie.s is difficult and at least in part 
subjective. IVlieu the charts were review- 
ed, the hiopsie,s were considered worth- 
while if they established a primary diag- 
nosis or (smfirmed a clinical imprt'ssiou. 
If they were not in agreement with the 
general clinical picturx' but coidd not 
cstabli-'h a tliagno-is <»r were unsatisfac- 
tory biopsies, they were wnsideu'd not 
helpful. In the early group, 13 of 2t> 
atteinjUcd bioI>^ie,•' were helpful bVjcV!. 
However. 13 <■>{ Itl sutS'c.S'ifjil blop^ie' were 


helpful (80%), In the latter period, 38 
biopsies were helpful clinically. These 
constitute 71.6% of the total 53 cases 
or 79.2 % of the 48 successful cases. 

Of the 68 livers from which biopsies 
were taken, 31 were described as nodular 
or irregular, and of these 18 (58%) were 
diagnosed carcinoma by biopsy. Of the 
total, only 4 livers were not palpable and 
in 3 of these biopsy was successful. 

Indications and uses of liver biopsy are 
somewhat limited but nevertheless impor- 
tant. It is felt as a result of experience 
gained in this series of eases that any 
case of liepatomegaly in which the etiology 
is questionable deserves a biopsy. Biop- 
sies may be used in following the progress 
and evaluating the therapy of chronic 
hepatic disease such as cirrho.sis. Investi- 
gation of the parenchymal changes in epi- 
demic hepatitis,* '^ toxic hepatitis, ^Yei^s 
disease and other conditions may be 
greatly benefited by frequent biopsies dur- 
ing the course of the illness. Vital studies 
pf living ti.ssue obtained by human liver 
biopsy may aid materially in elucidating 
the normal physiologic function of the 
liver and its alterations in metabolic dis- 
eases. Generally, it is felt that only easily 
palpable livers should be needled. 
though routine bleeding, clotting, and 
jirothrombin times were not done in these 
cases, it is believed that they should be as 
an added precaution. 

The intercostal approach advocated by 
some authors is not recommended. There 
is danger of tearing the liver should the 
patient inadvertently breathe while the 
needle is in the liver and held rigidly bc- 
twin-'n the ribs. Acutely ill patients can- 
not cooperate well enough to permit the 
procedure, and needless transfixion of the 
}»lcural sjiace may result in empyema, 
traumatic pneumothorax, or air embolbin. 

The use of jicritonniscopy in every ca«e 
is not reeommendt'd. Tlie proct'durc rc- 
quire.s I'xjn'rt training .and an expcn.sive 
iu'tnimeiu and is therefore not widely 
available. In addition, in many cases it 
atUls little to the biojisy pro<*cdure. In 
those cases in wliich the liver Ls not palp- 



■v>\ 


nwis. M orr. t.i xu: .vt.j.iuj; )iior,-,v or rin: i.ivrn 


nl>!c or in wliirh » nodule i', .mi - pected 
hnl cannot l>e felt peritoneo copy tnav he 
vninalile in rnidiiiir the Idop.y needle, 
llouever. it i'. felt that Mntine periione- 
O copy add. ne/vlle .ly fo the ri-l. ifi e.'teli 
c.'l e, 

'i'he ‘J needle, in Ciirrelit ti e at f'leve- 
hunl City llo pitid jaieh have their luKan- 
tuf.e.. 'rite SiUertimnn iietninient i.. 
‘.mailer and yields ‘miidh r ;'peeinien., Init 
it in e.ader to hatidle. 'I'he -ei-tion, matle 
from the e .'.jM-eimen'i .-.how a natderate 
amount ti-.tie distortion due to prc~- 
.'’iire. 'riie !toth-'r\irhet‘ needle i. laryer, 
yiehh lar^ter ;-j)‘-eimeie., and prodnn-* 
little or no distortion of ti-sne. It is a 
little more dillienit to control than the 
.sin.'dfcr needle. 

I'mm the pathologist’s standpoint needle 
hiop^iy of the liver has certain atlvantatre.s 
and certain limitation'. Cytoloyy in a 
properly ohtained .sjiecimen is iisiiatly 
.superior to that ohtained at antiipsy for 
the .sjiecimen is ohtained fnnn the livini: 
orjtnni.sm and li.ted with a mininnim of 
tmtoly.sis. Stmlie.s of j:lyco>;cn content, 
for cAiiinjile, are tnon' e.\aet than those 
of antojisy sjiecinn'ns. However, cytology 
tnay he very jioor in those instance.s where 
there hn.s been di.stortinn hy pres.sure or 
shredding;. A .second tidvantatte of the 
jirocednre i.s that it jiermits ohservation 
at intervals dnrinj; life. This offers infor- 
mation n.s to the pathojjene.sis of eertuin 
di.sca.se.s and the elTeefs of treatment. 
For c.xninplc, in Ca.se 2 repeated biopsies 
of a !i%'cr the scat of Laenncc’s cirrhosis 
showed, in the first instance, marked 
fatty metamorphosis and in tlie second 
none. This may he accejitcd ns evidence 
in discrediting the cln.ssification of fatty 
cirrhosis as an entity separate from Laen- 
noc's cirrhosis. 

The limitations of the procedure arc 
those relating to the examination of 
limited material. I.,esions may he focal 
and missed by random sampling. Further- 
more, certain diseases hy definition imply 
a clifTuse change. For example, if a biopsy 
shows perilobular fibrosis, bile duct re- 
generation and alteration of lobular archi- 


tecture, a diagno'i^ of I.nenncc'.s cirrho-i; 

made. .Actually, it .should he stated 
(n't u'c have .stated in .some instonces) 
tlial if the biojHy i- rcJ)r(.^erltative of the 
entire liver, the diagiiO'i.s i.s Licnnec’s 
<'irriio,i'. Focal areas of atrophy and 
fihru't' can imitate the histology of Laen- 
m-e etrrho .i-. 'I'hi' is particularly tnieof 
the so-e.-tllcd “ eaji'tilar p'didocirrliosb.” 

fn some in'tauee.s the material oficrol 
for t‘xamination is limited, inelutling only 
a jMirtion of a lolaiie. In these instances 
a eomjilcte ohjeetive diagno.sis may be 
unwarranted iiut it is still po?.sililc to 
eontrihnte informutinn which, taken m'th 
•>thiT clinical liata, may aid in di.aimoiij. 
For evamjile, in the case of hernochroma- 
lO'is. di'ciissed earlier in this p.iper 
f'l'uhle ;>). the oiijeetive diagnosis of cir- 
rho'i,' wa.s not tlionght to he justified 
«hie to the limited material. The hemo- 
sideni'is (Fig. S), however, was of the 
tyjie and of the degree seen in hemochro- 
matosis. 

Tiie diagnosis of tumors, likewise, has 
the limitation.s of inadequate material 
This is e^jieeiall.v true of the diagnosis of 
jirimury eareinoma of the liver. However, 
since the introduction of the Rotli-Tiirkcl 
needle, generous sainjilcs have been sub- 
mitted and the histologic picture in man\ 
instanee.s emdrl not he greatly improved 
on by formal surgical biopsy. 

Several eases are cited briefly to illus- 
trate the use of liver biopsy. 


Report of Cases, C.^sk 1. F.S.,a63year 
ohi white man in whom a diagnosis of cir- 
rhosis of the liver was made by surgica 
biopsy during laparotomy in 1943, was a - 
mitted to the medical service of the Clere- 
land Clinic Hospital J^In.v 2, 1945, complain 
ing of swelling of the abdomen and an ' ct, 
ivcakncss and shortness of brc.ath of 2 inon s 
luration. Examination revealed a disten 
:d abdomen with dilated superficial 10111-- 
A fluid wave and shifting dullness were pr^ 
mt. The liver, which was enlarged to 0 r®. 
jolow the costal margin, was quho lar • 
rhere was 1 nodule about 4 or 5 
linmetcr palpable at the edge. mP'- 
Tig. 2) done on iMay 3 revealed "Laennec 
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cirrliosis, slight periportal hepatitis.” Re- 
peat biopsy on July 13 showed little change. 

Casd 2.— F. Z., a 29 year old white man 
was admitted to the medical service March 
8, 1945, complaining of pain and swelling in 
the abdomen, malaise and fever. Examina- 
tion revealed a distended, tender abdomen 
with a large, firm liver felt at the level of 
the umbilicus. Biopsy (Fig. 3) March 12 
revealed Laennec’s cirrhosis with fatty 


empyema for many 3 ’^ears. Examination 
revealed a smooth, firm, markedly enlarged 
liver. Biopsy (Fig. 5), June 19, was reported 
"moderate amyloidosis of liver.” 

Case 4.— J. S., a 59 j^ear old white man 

was admitted to the medical service Julj' 16, 

1945, with indefinite history of abdominal 

pain for 2 months and a weight loss of 30 

pounds in the past year. There were signs 

of atelectasis in the left upper lung 

/• 



I'lo. — (S SSeSl) L. P. .\<h';inccd I^-ionner’'- ciriho'-i'-— imlc lobule surrounded by fibrou= 
^\bieb contuiu", w.uiy new bile duU- nnd ^bo^^- bliybt round coll infill ration. 


inctamorphoM'^ and acute hepatitis. After 
symptomatic and supjH'rtive thcrap.v, repeat 
biopsy (Fie:, 4) on May lb phowe<l disap- 
iwarance of the fatty metamorphosis and 
acute iicpatitis. Tiic patient wa's clinically 
much improved and the liver was much 
^mallcr than previously. 

C.vsv 3. C. (h, a 50 j-o.ir old white man 
nas admitftxl to tlse suodc.al se.-vice May 31, 
1045, with a hi-torj* of chronic draining 


field and several firm, 1 to 2 cm. cervical 
l.vmph nodes. Tlie liver, wliicli was 10 cm. 
below the richt co-ta! margin, was hard, 
nodular and tetidcr. Biop?.v flue. 6) on 
July 21 .«howed undiffercntiate<i carcinoma 
of the liver of unknown origin. .Sub-equenth* 
autop'%- revcaletl an undinerentiate-rl carci- 
noma of the upper Iniie of the left lung 
and widc-'pre.ad meta-Un'-'- to tlje liver and 
cervical and mcdi.a-tinal lymphnodes (Fig. 7 ;. 
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carcinoma of tlio liver with atrophy and fibrosis 



•KiO 


UAVis, sc'o'iT, i.c.vtK isioi-sv or run uvkh 


Cabi: E, V., u .'jU yc.'ir old wliito man, 

was ndmiltod to the nu'dical •■crvirc, Jtilj’ •), 
1015, complaiiiiiin of iiaiti in llio nhdoinon 
of 1 inontli’.*- duration folloucd ip 1 vpck 
hy appearance of a nin*-^. He iiad lost 25 
pound';. I'Antnination reve.-ded a hard, nodu- 
lar liver o.vtendiiif: 1(1 eni. lielmv the costal 
margin. Hiopsy (Fie. 7), .Itdy (i, was re- 
jiorted undifTcrentiated ejireinonia of the 
liver with atrojihy and fihro'-is consistent 
with primary carcinoma of (he liver. Nec- 
rojisy ‘,howc<l nodular, primary carcinoma 
of the liver. 


Summary and Conclusions. Needle 
l>iopsics of the liver have been done on 
OS patients in Cleveland City Hospital 
since lO'tO. Biopsies liavc been most use- 
ful in tlic diagnosis of cancer of the liver 
anti in establishing the nature of diffuse 
parenehyniiil liver disease including cir- 
rhosis. The occasional fatalities reported 
by others Inivc .so far not been encountered 
in this series. 



Fig. S. — (S-32371.) Hemosiderosis of liver from a case of hemochromatosis. 
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PLASMA PROTEINS 
I. ALTEnATION IN DIABETIC RETINITIS 

Hv R. W. SciiNEiDEn, ]\r.D. 

Lena a. Lewis, Pn.D. 

AND 

K. Pi'.uiiY McCeeeagh, j\r.D, 

cm:vi:i.\nd, oiiio 

(rrorn IIjp Clovelnnd Clinic roiintlnlion) 


The purpose of this paper is to report 
.studies made on 31 j)ationts with diabetic 
retiiiiti.s. Tlic work was done cliiclly to 
determine any correlation between cer- 
tain alterations in the [jlasina jwotein.s 
and retinal chanpe.s and to determine 
whether a hiph protein intake wotdd alter 
either or botli of thc.se disorders. 

Previous stmiios’ have shown that the 
phusina protein pattern (Tiselins tech- 
nique) is frequently abnormal in diabetes 
mellitns when the condition is inadequate- 
ly treated. The typical change found in 
the protein fractions was a rethiced level 
of albumin and an increase in p (^bulin. 
The total quantity of protein may he 
normal or only slightly reduced. In such 
eases the levels of the plasma proteins can 
be restored to normal by adequate Jfcat- 
ment of the diabetes if complications such 
as infection, renal insufficiency or retin- 
itis are not present. In cases of diabetic 
retinitis restoration of the plasma protein 
levels to normal was brought about with 
much more difficulty. Higher protein 
diets were required and the change was 
much slower. In instances in which renal 
disease and albuminuria were present in 
addition to the retinitis, the plasma pro- 
tein abnormalities were not always cor- 
rected by the methods employed/ ^ 

The term, “adequate treatment, as 
used in this paper, means a careful atterript 
to maintain the patient in normal strengtli 
and at or near ideal weight, to maintain 
as far as possible the urine free from sugar 
at all times, normal blood sugar levels 
both fasting and 4 hours after meals, and 
a normal total blood cholesterol level. 


Methods. I^ongsworth's modification® of 
(he Tiselins electrophoretic method was used 
to estimate the albumin, a globulin, ^ globu- 
lin, y globulin, and fibrinogen in the plasma. 
Phosphate bufTcr solution of pTI 7.8, ionic 
strength O.IG was employed. Normal val- 
ues determined in this laboratorj' on 21 sub- 
jects have been reported.’ A more complete 
description of the method ns employed is 
given in our previous paper.* Total protein 
values were determined by Pregl’s modifica- 
tion of the micro-Kjeldahl method for esti- 
mating total and non-protein nitrogen. 

Urea clearance tests of kidney function 
averc done by the technique of Moller, McIn- 
tosh and Van Slykc.* 

Results. A mmjbcr of factors were used 
to evaluate these 31 cases of diabetic 
retinitis. These factors included se.v and 
age distribution, duration of the diabetes, 
presence or absence of proteinuria, of 
hypertension and of reduced urea clear- 
ance values, adequacy of treatment, total 
duration of such treatment, protein intake, 
electrophoretic analysis of plasma pro- 
teins and progress of the retinal changes. 

An analysis of the sex distribution re- 
veals that diabetic retinitis is more com- 
mon in women than in men. Of the tota 
of 31 patients, 26 (84%) occurred m 
Avomen and 5 (16%) in men (Table 1). 
The high incidence of diabetic retinitis m 
women also characterized Bedell s senes. 
This is in contrast to the almost equa 
distribution of diabetes mellitus in t e 
2 sexes. 

Age is also an important factorj^ 2o pa 
tients (80 %) were between 40 and lO } ears 
of age (average 51) (Table 1). 

The average duration of the dia e es 
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for both sexes as judged by the history 
was 11 years. In contrast, the symptoms 
assumed to designate the onset of retinitis 
were of relatively recent origin. Diabetic 
retinitis in men was not recognized until 
diabetes had been present from 12 to 
25 years (average 19) and in women until 
diabetes had been present for 2.5 to 
22 years (average 10). 

Proteinuria was common when the dia- 
betes was untreated but often disappeared 
during adequate management. A trace of 
albumin was observed in 13 patients ini- 
tially, but disappeared during manage- 
ment in 5 of the 11 who had subsequent 
urinalyses. 


occasionally at intervals of 2 or 3 months. 
The urinalyses made at home seldom 
showed glycosuria. Each reexamination 
of the patient included blood and urine 
sugar determinations fasting and 3 or 
4 hours postprandially at noon and occa- 
sionally 3 or 4 hours postprandially in 
the afternoon. An effort w'as made to 
maintain blood sugar levels at normal 
levels, and only occasionally was the at- 
tempt unsuccessful. In a few instances 
isolated blood sugar levels were as much 
as 40 mg. % above normal. Normal 
levels are taken to be SO to 120 mg. per 
100 ml. of venous blood, Myers-Bailey 
method. 


TAUi.r. 1 . — Age and Sex Distrusution in Cases oe Diabetic Retinitis Studied 


Agp 

(yrs.) 

Men 

W omen 

Total 

20-20 

. 1 

1 

2 

30-39 

. 1 

0 

1 

40-19 

. 1 

5 

6 

50-59 

. 0 

12 

12 

GO-GO 

. 2 

6 

7 

70-79 

. 0 

3 

3 


— 

— 

— 

Total 

. 5 


31 


Hypertension was present in approxi- In this group of patients the protein 
mutely half of the group; 17 (55%) had a intake was varied from time to time and 
sj'stolic blood pressure of 150 mm. of mer- • the effects were correlated with shifts in 
cury or more; 13 (42%) had a diastolic their" plasma protein patterns, 
blood pressure of 90 mm. of mercury or Total Plasma Proteins. Vic have found 
more. the normal total plasma protein’* to range 

Urea clearance tests were done in 9 pa- from 5.9 to 7.8 gm. per 100 ml. with an 
tients. In 5, clearance values averaged average of 6.5 gm. The initial total pro- 
80% or more, and of these all but 1 showed tein was within this range or only slightly 
persistent proteinuria. The remaining 4 below in 29 patients. The remaining pa- 
patients had urea clearance values of 20. tients had advanced renal disease. The 
30, 36 and (>•}% respectively. The blood initial total protein values in these- 2 in- 
urea was elevated above 55 mg. per 100 stances were 4.8 and 5.3 gm. per 100 ml. 
ml. in 3 patients who did not have urea Albumin Fraction. The normal range 
clearance tleterminations. for albumin fraction* was 3.7 to 5.1 gm. 

.Vdequate treatment for a number of per ^100 ml. with an average value of 
months was obtained in 10 patients who 4.1 gm. The plasma albumin level was 
will be discussed in greater detail. These low in 28 (90%) of the 31 patients. The 
patients were specially selected as indi- individual determinations ranged from 
viduals who maintained excellent diabetic 2.06 to 3.S gm. per 100 ml. with an aver- 
control throughout the period of study, age of 3.2 gm. The lowest values were 
Eaeh patient made urinalyses at home 3 obtained in 4 patients with impaired renal 
or 4 time.'' daily and had blood sugar function. The 3 remaining patients with 
levci.s detcrmimxl at monthly intcri-als or normal albumin levels were all under ade- 
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qui||^e inannKCinciit from 3 to 19 months 
bcfttrc tlie first determinntions 'were con- 
clmftcd. 

$ Globulin Fraction. The normal raiifrc 
of /3 globidin determined in 2b normal 
coTitrols in oiir lalioratory^ were O.tib to 
1.07 gm. per 100 ml.; the average was 
0.81 gm. Of the 31 patient.s, 29 (93%): 
demonstrated an elevated ^ globidin frae- 
tion; the average was 1.29 gm. per 100 ml. 

Let us now eonsider the effeets of varia- 
tion in protein intakes upon the i)lasma 
protein level in the 10 earefidly selected 
patients who can be considercrl as having 
received adequate treatment. Plasma i)ro- 
teins were subjected to electrophoretic 
analysis repeatedly in these 10 p.'iticnts. 
Four of the 10 received relatively low 
daily protein intakes. One of the 4 with 
a low albumin level initially maintained 
an intake of bO gm. protein j)cr day for 
10 months. A further fall in plasma albu- 
min level occurred. The plasma albumin 
of another patient increased to nearly 
normal levels ■while receiving SO gm. pro- 
tein per day for 3 months. The remaining 
2 patients, who had received 77 and 
84 gm. of protein per day for 10 days and 
5 months respectively, showed no altera- 
tion in plasma albumin levels. 

The other 6 of this group were given a 
much larger dally protein intake, chiefly 
as meat, for a period ranging from 3 weeks 
to 6 months. Four of the G had a signifi- 
cant elevation in albumin fraction at the 
end of the test period. One of these 4 
had a normal albumin level 3 months 
after the protein intake was increased 
from 70 to 140 gm. per day. Two others 
showed a significant rise in this same 
fraction 3 weeks and 6 weeks after protein 
intakes were elevated by 40 gm, per day 
to 120 and 140 gm. respectively. The 
albumin fraction in the fourth patient 
gradually returned to normal 6 months 
after the protein intake was increased 
from 76 to 136 gm. per day. 

In the remaining 2 patients given a high 
protein intake, the albumin levels failed 
to increase over a period of 3 months and 
1 year respectively. The protein in the 


diet was raised from CO to 140 gm. daily 
in 1 and from 60 to 120 gm. per day in 
the other. Persistent prbteinuria was 
present in each i)afient, but urea clear- 
ance values were not obtained. 

No case was seen demonstrating a fall 
in j)lasma albumin when more protein 
was jrreseribed in the diet. In most 
instnnce.s where albumin levels became 
normal, /9 globulin levels approached nor- 
mal. 

The 4 patients who were regarded as 
imjrroved showed the following course of 
events: the first patient entered the 

period of study with concentric contrac- 
tion of both form and color fields in the 
right eye and vision was 6/12-1. There 
was loss of the inferior half and partial 
lo.ss of the temporal and nasal superior 
form fielfls in the left eye. In addition, 
concentric contraction of color fields ■n'as 
observed, ^b‘sion was 6/30-1. One year 
later central fields were normal. Ophthal- 
moscopic c.xamination on 5 occasions 
showed no retinal hemorrhages (Case b 


Table 2). 

The second patient originally had a 
loss of green color field and a relative 
central scotoma for blue in both eyes. 
Several months later the green field ■aas 
normal and the central scotoma had dis- 
appeared. Two small scotomas in the 
central field of the right eye persisted. 
The left central field was normal ■n'hen 
first tested and remained unchanged. No 
new hemorrhages appeared, ^hsual acu- 
ity measured 6/9-1 in both eyes “I / ® 
beginning and the end of the perio 


studied (Case 2, Table 2). 

There were no new hemorrhages in t e 
2 remaining patients during a 6 * 

and 2 year period of observation. Su 
jectivelj% ■vision was improved, but no 
actual measurement was obtained. 

Discussion. Patients with uncomp > 
cated diabetes mellitus may have low 
plasma albumin levels when untreate or 
poorly treated. Adequate treatment o 
the diabetes was almost invariably ac 
companied by a prompt return to 
of the albumin level. The diet nee e 
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only to contain 1 gm. of protein per kg. 
body weight. 

Patients with uncontrolled diabetes 
accompanied by retinitis bad much lower 
plasma albumin levels and higher jS-glob- 
ulin levels than were observed in the un- 
complicated cases. With adequate treat- 
ment of the diabetes the protein levels 
were improved but not restored to normal 
unless the diet contained a high daily 
protein intake. Proteinuria apparently 
accentuated the hypoproteinemia and 
the albumin fraction was not restored to 
normal by increasing the protein in the 
diet. 


value of high protein intake in ca.ses of 
diabetic retinitis can be draum. 1 

Summary. 1. Plasma proteins ih pa- 
tients with diabetic retinitis are charac- 
terized by low albumin, high globulin 
and a tendency toward normal total 
protein values. 

2. Adequate management of the dia- 
betes when diets contained a maintenance 
amount of protein improved but did not 
correct the plasma protein pattern in 
patients having retinitis. 

3. "IWien adequate treatment "was insti- 
tuted and the daily protein intake increas- 
ed to 120 to 140 gm., the plasma protein 


Table 2.— Tiselius Protein Fractionation on 2 Patients— Changes Observed on 
Repeated Studies After Increased Protein Intake 


Case 

C 

Diet 

P 

F 

Observation period 

From To 

Date 

T otal 
protein 

Alb. 

a Glob. ^ Glob. 

T Glob. 

Fibrino- 

gen 

1 

130 

50 

130 

2/ 3/43 

11/30/43 

10/ 8/43 

G.12 

3.37 

0.3G 

1.37 

1.02 



130 

80 

120 

11/30/43 

12/20/43 

11/30/43 

12/20/43 

6.28 

G.42 

2.85 

4.03 

0.39 

0.53 

0.64 

0.76 

0.77 

O.Gl 

0.03 

0.49 

2 

100 

71 

50 

3/15/44 

C/lG/44 

6/1G/44 

6.54 

3.43 

0.38 

1.26 

1.12 

0.38 


100 

100 

50 

0/22/44 

8/ 1/44 
9/25/44 

8/ 1/44 

G.70 

3.56 

0.30 

1.37 

1.20 

0.36 


100 

140 

50 

8/ 1/44 

9/25/44 

7.10 

3.99 

0.28 

0.92 

1.24 

0.57 


Both patients showed: (1) erndunl rise in total protein; (2) gradual rise in total albumin; (3) gradual fall in tota 
(3 globulin. 

During the interim of study visual fields improved, visual acuity improved, and the rctinm showed fewer hemorrhages. 
Neither patient had albuminuria or measurable impairment of renal function. 


The greatest improvement in retinal 
changes occurred in those patients in 
whom high protein intake restored the 
plasma protein pattern to normal. This 
observation suggests the value of dia- 
lietic diets of high protein content as an 
adjunct in the prevention or treatment of 
diabetic retinitis. It is evident, however, 
that a much larger series must be stud- 
ied over a longer period of time before 
final conclusions regarding the therapeutic 


pattern either improved or returned to 
normal, provided serious renal disease 
was not present. 

4. The 4 patients in whom high pro- 
tein diets restored the plasma proteins to 
normal showed the greatest retinal im- 
provement. 

5. From these studies, it appears that 
a high protein diet may be a useful ad- 
junct ill the management of diabetic 
retinitis. 


We ivi?li to cspiess owv siiiccro npprcciation to Br. A. D. Ruedemann and Dr. Jacob Mo.oes for their 
enoperation in following the retinal clmnges and to Mr. James Clark for performing many of the analyses. 
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THE FALLACY .OF THE EXTON-ROSE GLUCOSE TOLERANCE TEST 
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C.\n’. IVIoN'uoK J. Homaxsky, M.C. 

cHifir or iiiocnrMipWv and rr.viciu.ix pfXTio.v^, t.auoratohv hhuvice 

AND 

IVI Ecgkkk D. Homx 

wamhincto.v, n. c. 

(I'rom tho Medical Servic^ ^nd tlio Laboratory .Service, Walter Heed General Hospital) 


It is the piirpo.se of this-liiipcr to pre-'^ent 
information from tlicjitcraturc which indi- 
cates tliat tlie E.\to'n-Ho.se 2 rlo.se, 1 lioiir, 
glucose tolerance test is h.aseci n[)on a 
physiologic misconception. In adrlition, 
the results of a series of wcl!-eontrol!ed 
glucose tolerance tests arc presented to 
support further this contention. 

In a previous paper 1 of us” reviewed 
the pertinent literature and pointed out 
certain discrepancies which indicated that 
the Exton-Rosc test was less reliable than 
the conventional 1 dose test. Since 1942, 
2 additional studies'” on the Exton-Rose 
test are worthy of note and indicate that 
this test is still considered a worthwhile 
procedure. The use of 2 doses of glucose, 
one initially and the second J hour later, 
as employed in the Exton-Rose test” was 
inspired by the paradoxical law of Allen' 
which states that the more sugar given to 
a normal individual, the more it is utilized 
and that the limits of tolerance in normal 
individuals are apparent rather than real. 
Therefore, there is no real limit to the 
ability of a normal person to utilize glu- 
cose. The above is exemplified by the 
Hamman-Hirscliman effect” in which the 
resultant peaks in the blood sugar curves 
become progressively lower after succes- 
sive doses of glucose. Exton and Rose” 
believed that if 50 gm. of glucose were 
given orally and then followed in ^ hour 
by a similar dose a parado.xical result 
would occur in that the blood sugar 
would either fall in the second i hour of 
the test or at most fail to rise appreciably. 
In arriving at the conclusion that a second 
50 gm. dose of glucose would have any 


appreciable effect upon the blood sugar 
curve in the short space of hour, E.rton 
and Ro.'JC failed to take into considera- 
tion cert.'iin i)hysiologic facts, namely: 
(1) the rate of absorption of glucose from 
the gastro-intestinal tract, (2) its rate of 
utilization, and (3) the natural shape of 
a glucose tolerance curve after giWng 
100 gm. of gluco.sc, whether it is given in 
1 dose or in divided doses of 50 gm., at 
{. hour intervals. Let us consider each 
of these factors in turn. 

With regard to intestinal absorption, it 
has been estimated by Cori and Cori, 
after a comprehensive renew of the litera- 
ture, that the maximum rate of absorp- 
tion from the gastro-intestinal tract in 
man is 0.S5 gm. per kilo, or about 60 gm. 
per hour for an average sized man. .Actual 
measurements of absorption by ^^arren, 
Karr, Hoffman and Abbott”” in man indi- 
cate that the maximum rate of absorp- 
tion is 43 gm. per hour and usually le»s 
than this. Thus, the E.xton-Rose teA 
supplies twice as much glucose as the 
gastro-intestinal tract is capable of ab- 
sorbing in 1 hour. In other words, it 
adds 50 gm. of glucose to the stomach 
while there is still an excess in the upper 
intestinal traet. Groen' concludes that 
the absorption of a glucose test meal o 
50 gm. would be 4 hours or somewha 
less. We think that this is too conserva- 
tive. Groen believes that if the glucose 
were introduced directl.v into the ® 
intestine a greater absorption wou 
occur, but that when glucose is given .' 
mouth the pylorus takes care that 
tion does not take place at a rate w ic 
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exceeds the capacity of the storage mecha- 
nism. The latter portion of this state- 
ment is in keeping with the result of Rav- 
din, Johnston and Morrison/'* who found 
that when glucose solutions of varying 
concentrations from 3.5 to 50 % are placed 
in the stomach, the concentrations ob- 
tained from the jejunum and ileum at 
the end of 1 hour are remarkably constant 
and did not exceed 5.3%. Thus, the 
stomach protects the intestine from re- 
ceiving too much glucose in too great 
concentrations. 

The following pertinent excerpt is quot- 
ed from Peter's and Van Slyke’s " Quan- 
titative Clinical Chemistry;”*^ “Appar- 
ently the mechanism for tlie utilization 
of sugar by the tissues is not greatly 
accelerated until the blood sugar reaches 
a certain height. The activity of the 
mechanism increases as the blood sugar 
rises higher, until, at the peak of the 
curve, utilization rate overtakes, and then 
surpasses the absorption rate, in spite of 
the fact that the absorption may still 
remain at its maximum. The accelerated 
utilization, once speeded up, does not 
stop until the blood sugar has become 
subnormal. As shown by Cori, absorp- 
tion from the intestine cannot surpass a 
certain maximum rate; if more glucose is 
ingested be 3 mnd the amount eliciting 
complete absorption activitjq absorption 
continues for a longer time, but not at a 
faster rate. Consequently-, when glucose 
utilization is stimulated to outrun this 
maximum inflow, the blood sugar begins 
to fall from its peak, and continues to do 
so even though the intestine is still loaded 
with glucose.” 

In view of the above passage it would 
sccni pointless to give a second dose of 
glucose at the height of the blood sugar 
curve, since in a normal individual the 
curve would fall whether a second dose 
wore given or not given. In a diabetic 
the curve would continue to rise whether 
1 initial dose or 2 doses at ?, hour intervals 
were given. Therefore, any dilTercnce in 
the clTeet which the administration of 
1 dose of 100 gm. or 2 doses of 50 gm. 


each would have upon the blood sugar 
curve would not be manifested during the 
1st hour or the duration of the entire 
Exton-Rose test. 

Relative to the maximum rate of glu- 
cose utilization, experience has shown 
that 25 to SO'gm. of glucose is optimal 
for the 1 -^hour intravenous tolerance 
test.”’*® 'fhis direct introduction of a 
sizable quantity of glucose into the blood 
stream provides a much more intense 
stimulus to *Hhe ’ glucose disposal mecha- 
nism than the'*klow absorption after oral 
administration. The fact that the body 
requires 1 hour to dispose of 25 gm. of 
glucose given intravenously, thereby pro- 
ducing the maximum stimulus, makes it 
seem unlikely that the disposal of an oral 
dose of 50 gm. could occur in | hour and 
any appreciable response be manifested 
to a second dose of 50 gm. 

The final factor concerns the natural 
shape of the oral glucose tolerance curve. 
It is well known that in the glucose toler- 
ance test in normal people the peak of 
the curve, depending on absorption and 
utilization, -will usually*^ occur between 30 
and 60 minutes. If absorption and 
utilization of glucose are such that the 
curve rises slowly, the peak will probably 
occur at 60 minutes. On the other hand, 
if absorption is more rapid and utilization 
less so during the first 30 minutes, the 
peak will occur more abruptly^, the glu- 
cose disposal mechanism wnll be sharply 
stimulated, and the curve will fall during 
the second ^ hour. We believe these phe- 
nomena will occur regardless of whether 
the glucose is given in 1 dose of 100 gm. 
or in divided doses of 50 gm., as demon- 
strated in our series of parallel glucose 
tolerance tests in the same individuals 
show-n in Table 1. 

Method. Ambulatory- patients on the 
medical serwee were used for this study. 
Tliese patients were afebrile, with mild 
non-disabling diseases, and had been pre- 
pared by generous antecedent carbohydrate 
diet since the importance of the last-men- 
tioned factor has been repeatedly demon- 
strated.*’*®’”.” A 12 hour rest and fast pre- 
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(lition, iiclivjtKs find nnotioTml sfatus of (he 
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nmt these were prneticnily constant for 
501 oral da.vs prior to (he iicrfonnance of cacli 
pair of tests- m a piven individual. Venous 
Woods were taken at exact times l,v 1 of 
_ individual.^; (uphly skilled in venepuncture 
itn inimmum use of a tourniquet and the 
Wooit .supar was detennincil in duiilicate on 
cadi .sjiecuncn accordinp to the method of 
i'Ohn and Wu u.sinp a photoelectric colorim- 


colurnn of Table 1 showing the difference 
octss'cen the ,30 and GO minute blood sugar 
values. Tabic 2 shows that in the 1 dose 
test 3 cases liad an average rise of 6 rag. 
per ]00 CO., wJicrcas 7 ca.ses had an 
ai'cragc fall of 20 mg. per 100 cc.; while 
in tile 2 dose test 5 cases iiad an average 
rise of 12 mg. per 100 cc. and 5 cases had 
an average fall of 13 mg. per 100 cc. 
lliiis it is obvious that the blood sugar 
curve in the 2 dose test of E.xton and 
Rose docs not fall in the second 1 hour 
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*Va. 
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nOmin. 

(mr./lffOce,) (wft./imcc.) 

Cn min. 
(mir./lOOrc.) 

DO min. 
(mr./lOO cc.) 

120 min. 
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between 
2nd and 3ni 
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MI 

DO 

MO 

03 

94 
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2 

7R 

l‘.M 

07 
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SO 

-27 

•» 


07 

107 

no 

oa 

9S 

+ 12 


« . «* 

7(! 

12 ,a 

no 

10.1 

SO 

-13 



7S 

ns 

no 

SC 

79 

- S 

'* 

* • . 2 

sa 

120 

los 

SS 

79 

-12 



S7 

lOI 

oa 

70 

OS 

- S 

5 

o 

DO 

12S 

130 

122 

OG 

+ s 



Dl 

M2 
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100 

92 

-IS 

G 

o 

SI 

lao 

100 

no 

00 

-30 



7s 

121 

no 

S7 

S5 

-11 

7 


7.S 

MO 

112 

00 

SO 

-2S 



7-1 

Ml 

MO 

00 

79 

+ 2 

s 

O 

7D 

12S 

no 

S5 

9S 

-12 



.SO 

^.>*> 

Ma 

92 

103 

+21 

9 

. . -1 

71 

Ml 

no 

104 

90 

+ 5 



SO 

no 

n.5 

04 

S9 

+ 5 

10 

O 

7.S 

117 

101 

09 

92 

-16 



100 

MO 

123 

100 

109 

-23 


etcr. In 5 cases, the 1 dose test was per- 
formed before the 2 dose test and rice versa 
in the otiier 5, since it has been sliown by 
Lennox” that repeated blood sugar curves 
on non-diabetic individuals on successive 
da 3 's are progressive^’ lowered. 

The results of the 2 tests are set forth 
in Table 1. It will be seen that the fall 
in blood sugar in the second -1 hour after 
the second dose of glucose in the 2 dose 
test is manifested on^v 5 times, whereas 
in the' 1 dose test it occurs 7 times. Table 2 
is a summary’ of the data from the last 


following the second dose of glucose .anv 
more frequently than in the 1 dose test. 
This result is in direct contradiction to 
that of Exton and Rose who based their 
concept upon their -finding tliat the blood 
sugar almost invariablj- fell after the 
second dose of glucose. A re\dew of the 
literature reveals 2 additional series in 
which actual blood sugar values for both 
the 1 dose and 2 dose tests in the same 
individuals are available for coropan- 
son.-’*® Review of these figures reveals 
results similar to our own series, and data 
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calculated by us from these figures are set 
forth in Table 3. These data lead to the 
same conclusions as our own which is 
shown in Table 2 and add further con- 
firmation to our thesis that the Exton- 
Rose test is based upon a misconception. 


Magath and Berkson,^^ and a rise of 
30 mg. per 100 cc. is allowed in the second 
I hour by Gould, Altshuler and Mellen.® 
In view of the data presented it is 
obvious that the 2 dose, 1 hour test fol- 
lows the same type of curve as the con- 


Tabi.b 2. — Summary of the Differences in the Beood Glucose Values Between the 
30 AND 60 Minute Specimens in the Same Individuals (Authors’ Present Series) 

1 dose test Exton-Rose test 


Behavior of 
blood rIucosc 

No. 

cases 

Averatre rise AveraRO fall 
(mg./lOO cc.) (rag./lOO cc.) 

No. 

cases 

Average rise 
(mg./lOO cc.) 

Average fall 
(mg./lOO cc.) 

Bise 

. . . 3 

6 


5 

12 


Fall . 

... 7 

• • 

20 

5 


13 

Table 3.— 

-Summary of the Differences in the Blood Glucose Values Between the 

30 and 60 Minute Specimens in the Same Individuals 



1 dose test 



Exton-Rose test 

Behavior of 
blood rIucoso 

'no. 

cases 

Average rise 
(mg./lOO cc.) 

Average fall 
(mg./lOO cc.) 

' No. 
coses 

Average rise 
(mg./lOO cc.) 

Average fall 
(mg./lOO cc.) 

Rise 

. . . . 4 

+ 18 


5 

+ 15 


Fall . 

. . . . 5 

. . 

-23 

4 


-21 

Rise 

.... 3 

+23 


7 

+33 


Fall . 

.... 7 


-19 

3 

. . 

-39 


First and second lines calculated from Brown (Med. Bull. Vet. Admin., 16 152, 1939; calculated from ' 
Groups II and IV: normal individuals). 

Third and fourth linos calculated from Spcllberg and Leff (J. Am. Med. Assn., 129, 246, 1945; calcu- 
lated from Table 2). 


Discussion.' It is believed that sufficient 
evidence has been presented to prove that 
the Exton-Rosc 2 dose, 1 hour glucose 
tolerance test docs not differ physiologi- 
cally from the conventional 1 dose oral 
glucose tolerance test using the same 
total dose of glucose. It is believed that 
it is misleading to consider the Exton- 
Rose 2 (lose test as a separate entity. 
While Exton and Rose originally found 
that a majority of their blood sugar curves 
fell during the second ■?. hour after divided 
doses of glucose, this was not substantiated 
by others. The original criteria of Exton 
and Rose which required a fall or no rise 
of the blond sugar in the second ?> hour 
of the test have been discarded in favor of 
criteria which do permit a considerable 
risc.^’-'- This fact in itself would seem to 
vitiate the original concept of the Exton- 
Rose test, A single 1 hour blood sugar 
value of 160 mg. per 100 cc. has been 
adapted as a criterion by Alatthews, 


ventional 1 dose oral glucose tolerance 
test and the maximum permitted value 
at 1 hour in both tests is about the same. 
Thus, the original rise or fall phenomenon 
stressed by Exton and Rose and based on 
the paradoxical law of Allen ceases to be 
a determining factor. We believe that 
the crux of the matter is that the para- 
doxical law of Allen cannot operate (for 
the reasons previously set forth) in the 
short space of 1 hour when as large a dose 
as 50 gm. of glucose is given initially and 
again at hour. 

In the diabetic the blood sugar will rise 
sharply during both the first and second 
'2 hour of the test whether 1 dose of 
100 gm. or 2 doses of 50 gm. are given. 
In the normal individual (whether 1 dose 
of 100 gm. or 2 doses of 50 gm. of glucose 
arc given) the blood sugar curve may rise 
or it may fall in the second I hour depend- 
ing upon the .speed with which the peak 
level is readied and upon the speed with 
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wliicli tlie pliicose rcfrulnting incclinm'sms 
l)ccoinc fully inobilizctl. 

Tlic ren-soii for diHagrceinents between 
tlie 1 hour, 2 dose and the conventionaJ 

1 dose tost is that the criteria for the 
short 2 dose tost aro ostaldislicd at or 
near tlic j)oak of tlie Ijlood sugar curve 
while tliu criteria for tiic longer test arc 
usually judged most heavily at the 2 or 

2 hour level when the glucose disposal 
mechanism is reaching efjuilihrium again. 
If e.\i)eriencc demonstrates that tlie 1 
hour level of a glucose tolerance test is 
superior to the 2 or 3 hour levels in diag- 
nosing diabetes or other abnormalities of 
glucose metabolism, then this factor of 
the time for collecting the critical blood 
specimen is the important decision and 
not the giving of 100 gm. of glucose at 
once or in 2 closely spaced doses at ns 
little as -J hour interval. At the present 
the weight of evidence does not favor the 
use of the peak value ns the principal 
criterion but emphasizes the importance 
of using the 1 dose glucose tolerance test 
and following the blood sugar curve for 
2 to 3 hours.^® 


Conclusions. 1. After gi\4ng 100 gm. 
of glucose in 1 initial dose the blood glu- 
cose curve is essentially the same as that 
obtained after giving 100 gm. in 2 dimded 
doses of .50 gm. initially and 50 gm. at 
-I hour (Exton-Rose procedure). 

2. The absorption of glucose from the 
gastro-intestinal tract and the response of 
the glucose regulating meehanism is not 
sullicicntly rapid to permit a paradoxical 
re.sponsc in the short space of \ hour. 
This is contrary to the hypothesis of 
Exton and Rose. 

3. In vieu' of the above 2 paragraphs, 
the physiologic hypothesis upon which the 
2 dose, 1 hour (Exton-Rose) glucose tol- 
erance test is based is unsound. The 
Exton-Rosc test is not a separate physio- 
logic entity and is not basically different 
from the 1 dose glucose tolerance test. 

4. The interruption of the oral glucose 
tolerance test at 1 hour and the conse- 
quent use of the peak value as the princi- 
pal criterion is much less accurate than 
the use of the 2 or 3 hour value of the 
glucose tolerance curve. 
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This is a study of the causes of death 
in patients admitted to the Psychopathic 
Department of the Philadelphia General 
Hospital, from August 1943 to August 
1944. In order better to understand this 
analysis, it is desirable to describe the 
type of patient admitted and the method 
of admission. The Psychopathic Depart- 
ment receives psychotic and unmanage- 
able patients from all departments of its 
own hospital and any other hospital in 
the city which is unable to handle the\n, 
in addition to its own direct admissions. 
This applies particularly to senile patients 
who may get periods of agitation, forget- 
fulness, confusion, etc., when it is felt 
that they may do harm to themselves or 
others. Since there are no facilities for 
such close observation on medical or 
surgical wards, they are transferred to 
the closed wards of the Psychopathic 
Department and their treatment contin- 
ued there. Therefore, the senile patients 
are classed together and treated as a 
separate group in this study, in order to 
make the remainder of the cases assume 
projier proportion. 

These patients arc studied, treated and 
finally disposed of, in several ways. They 
are treated if there is any specific therapy 
and if it is felt that they can be improved 
in a relatively short time. This includes 
electroshock therapy and malaria fever 
therapy. They may be transferred to 
private institutions, nursing homes or 
other appropriate facilities. Finally they 
may he committed to a state institution 
if considered chronically ill. The turn- 
over of patients is relatively and necessar- 
ily rapid, so that, as indicated, this survey 


deals with mortalities on an acute psycho- 
pathic department. 

Statistical Data. In the period of 
12 months being considered, there was a 
total of 3374 admissions. Of these, 827 
fell in the senile group. The total num- 
ber of deaths was 332, with 231 of these 
admitted primarily because of senile 
changes and death resulting from the 
usual geriatric causes, predominantly pneu- 
monia. The mortality data are summar- 
ized in Table 1. Of particular interest to 
us are the patients included in the "Re- 
mainder” group. 

Those in the “Remainder” group who 
died included 70 men, 31 women; 77 white, 

23 colored, 1 yellow. Of the 101 cases, 
59 were autopsied, including 20 which 
were coroner's cases (those dying within 

24 hours after admission or in consequence 
of suspicious circumstances). The hospi- 
tal stay averaged 13 days, with the range 
from less than 1 hour to 73 days. Age 
ranged from 23 years (a deteriorated epi- 
leptic) to SO years (hypertensive cardio- 
vascular disease), with an average of 
53 years. 

Table 2 lists the primary diagnoses and 
number of deaths in each group. The 
larger groups are discussed below. 

Under the diagnosis of cardiovascular 
disease are listed all cases whose psychosis 
appeared to be due primarily to a circula- 
tory disturbance and who subsequently 
died of it. It includes such cases as 
hypertensive encephalopathy with or unth- 
out uremia, hypertension with cerebral 
accident, coronary occlusion, and cerebral 
embolus. (The senile group mentioned 
above included those cases of senile psy- 
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oliosis, nnd pswliosis cpreljrnl nrtcrio- 
.sdcro<;is.) Of llie totiil oases, the 
primary psychotic manifestation of 13 
(30.7 %) \\ as marked confusion or coma, 
12 (3(;.3%) ncre agitated, and S (21%) 
ncre depressed, 7 of these liavinj; attempt- 
ed snieide. 


P-SYCIIOPATHIC hospital 

the use of intravenous vitamin therapy 
TJiree cases (21 %) had severe head injur- 
ies, 2 of tliese had subarachnoid bleeding 
and 1 of the latter showed laceration of 
brain at post. One case at autopsi 
.showed generahVed hypoplasia of all 
organs, including the circle of lYiIlis; 


T\at I 


1. 1)\T\ os AIoht\mt\ .\mono 1 Ai \ns .tnwissioss to PsicnoPATiiic DrPAUTMrvr 


Total 
Somlis 
H( imiudor 


No o«f-i Mortalitj 

nilmiltxl Doithi (%) 

3371 312 10 0 

827 211 28 3 

2.Vt7 101 1 0 


Tmiii 2— Cviats oi Di \tii .\moso Pmciiopvtuic Ad\!i=sioss Onnn Than Senile Patients 

Xo of deaths and % 

(101 cases) 

33 
Id 
13 
10 
5 
5 
3 
3 
S 
2 
2 
1 
1 
1 
1 
1 
1 
1 
1 

Totnl ... 101 

Table 3 — I5\t\ on tiii Cniir C\l«is or Drarii .Among Xon-sinile Psichopathic Admissions 


CardiOA.Tsciiltir tliscisc 

No 

di illis 

33 

Xo 

ndnnssions 

273 

AlortnhO 

(%) 

12 1 

Alcolioli'im 

11 

470 

2 0 

General paresis 

13 

235 

5 5 

Epilepsy 

3 

S3 

3 G 

Bromism 

3 

10 

30 0 


C irdiOA.i'.piilnr dec ee 
Alroliolem 
Gem ral jiarc-is 
"Aiatstinn" 

Tuliorriilosi-, 

Xcoiil'i'-ni cNcttlicrc witli tcrihral mctsstn'-cs 

Hnm tumor 

Hpilcpsv 

Itrome-m 

Tuborctdotis mcmriKitis 

Suicide 

Morpluni-'m 

GsuKrenous cj stitis 

Dinitnhs toMcity 

Mnne-Stirimpcll deosso 

Atnlautntmn 

Pncli\meiuiiRilis IicmorrhnKici 
Ruptured miliarj micurA-ni 
Mrhcimor's divcive . 


Table 3 shows the chief causes of deatli 
among the non-senile patients. 

The alcoholics are grouped together and 
include all cases whose admission to the 
hospital was primarily because of some 
form of alcoholism. These include 7 
chronic alcoholics, 5 cases of delirium tre- 
mens, and 2 of alcoholic hallucinosis.. The 
largest number, S patients (57 %), suc- 
cumbed to pneumonia. This gioup is 
undoubtedly smaller than formerly be- 
cause of the advent of the sulfa drugs and 


1 had had a cerehroA'ascular accident, and 
1 who had been drinking a combination 
of alcohol and ether showed acute an 
chronic hepatosis with hepatic insuffi- 
ciency. There was 1 patient with Korsa- 
koff’s syndrome due to alcohol, who went 
downhill rapidly despite therapy and die , 
but no autopsy w as performed. 

In the group with general parais, all 
13 had positive spinal fluid findings or 
sy philis. Seven were old knowm cases o 
general paresis, deteriorated on a mis 



MADow, stouffer: causes of death in an acute psychopathic hospital 473 


sion; 3 were quite agitated when they 
first came to the hospital and became 
rapidly worse; 1 developed a sudden ele- 
vation of temperature (not receiving fever 
therapy) and died. The postmortem ex- 
amination showed syphilitic aortitis and 
pulmonary emboli. One patient was 
treated with deep Koentgen ray therapy 
according to the method of F. Bering, and 
11 days after the last treatment developed 
convulsive seizures and died. No patient 
of this group was on malaria fever therapy 
at the time of death. 

The 10 cases listed as “agitation” are 
grouped together because all were ad- 
mitted to the hospital in agitated states, 
all were studied as thoroughly as possible 
but no definite medical diagnosis could 
be established, and all died without 
obvious cause; 5 were examined postmor- 
tem and none showed anything except 
terminal bronchopneumonia and chronic 
passive congestion of other organs. One 
was a coroner’s case because he died in 
less than 24 hours after admission into 
the hospital. There were 4 women and 
6 men, ranging in age from 25 to 60 years, 
with an average of 44. The stay in the 
hospital varied from a few hours to 56 
days. There were 2 Negro and 8 white 
patients. On admission to the hospital 
the provisional diagnosis was schizophrenia 
for 5, agitated depression for 3, reactive 
dcprc-ssion for 1, and toxic psychosis for 1. 

Two of the "agitated” patients died 
rather acutely. The first was a 25 year 
old Negro male who became irrational at 
work, heard voices and was very agitated 
and noisy. On admission to the hospital 
he was restless, confused and very difficult 
to control. Physical examination was 
essentially normal. A mild sedative W!is 
atlminislcrcd but the agitation continued 
and he died approximately 0 hours after 
admission. A postmortem examination 
by the coroner revealed no specific cause 
of death. The second was a 49 year old 
white male who .also became agitated 
while at work. This continued until he 
w.ns hospitalized. On the ward he was 
extremely re.stle.ss and irrational. Past 


history was non-contributory. Physical 
examination showed a temperature of 
105° F., pulse 125, respirations 36. The 
leukocyte count was 28,000, with 81% 
neutrophils and 19% lymphocytes. The 
agitation and restlessness continued and 
the patient died 2 days after admission. 
A postmortem was done and all organs 
were essentially normal, including the 
brain which showed only “ acute and 
chronic passive congestion.” 

In the remaining 8 “agitated” cases, 
death occurred in from 12 to 56 days. 
The youngest of these was a 27 year old 
white male who had been acting strangely 
for 2 to 3 weeks prior to hospitalization. 
He had been going about ringing door- 
bells, had been unable to sleep and was 
continually masturbating. He was mark- 
edly hyperactive and agitated on admis- 
sion. Physical examination was essen- 
tially normal. Temperature on admission 
was 99° F., then fluctuated irregularly 
as high as 106°. The pulse was 110 on 
admission and rose at times to 130. 
Respirations w'ere 25 on admission and 
fluctuated to 45. The leukocytes num- 
bered 14,900, with neutrophils 94% and 
lymphocytes 6 %. Blood urea nitrogen was 
27 mg. per 100 cc. The patient’s course 
in the hospital was progressively down- 
hill and he died on the 12th daj\ Post- 
mortem examination showed only “chron- 
ic passive congestion,” including the brain. 

A second “agitated” patient who lived 
for 12 days was a 38 year old Negress who 
was admitted to the Tuberculosis Depart- 
ment because she appeared toxic and had 
a fever ranging from 102° to 104° F. 
She became hallucinated, appearing like 
a case of delirium tremens, expressed 
many bizarre complaints, and had to be 
transferred to the closed wards. Physical 
examination was essentially negative and 
the results of all laboratory studies, in- 
cluding chest Roentgen ray.s, were normal. 
This activity and agitation continued and 
the patient died on the 12th day. An 
autopsy was not obtained. 

A 43 year old white married male was 
admitted to the hospital because he had 
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bcRun fo worry about an afTair lie was 
having wifli a girl he had met in chnrcli. 
He began to hallucinate, was taken to liis 
doctor and became upset and struck him. 
Ujion admission to the hospital lie was 
actively hallucinating and e.vprc.sscd many 
delusional ideas. He was quite agitated 
and restless. Physical e.vamination was 
essentially negative, Scflalives were given 
and included intravenous sodium amytal 
(the latter for both sedation and abreac- 
tion without obvious clTcct). The increas- 
ed activity persisted. The temperature 
rose to 103° F., pulse and respirations 
increased. All laboratory studies includ- 
ing agglutination tests for typhoid and 
the paratyplioid groups were negative and 
the patient died on the 13th day. No 
autopsy was obtained. 

The 3 cases of “agitated depression” 
ran a similar course to those described 
abor-e. Two of these were given electro- 
shock therapy. One of these 2 had been 
given a complete course and was sent 
home, but returned quite agitated and 
disoriented, remained that way for 10 
days and died. Postmortem e.vamination 
showed only a “terminal bronchopneu- 
monia.” Tlie other was given 1 1 electro- 
shocks, but agitation and depression per- 
sisted, Three days after the last treat- 
ment, and while still agitated, the patient 
developed Cheyne-Stokes respirations, be- 
came cyanotic and died despite treatment. 
Unfortunately no autopsy was obtained. 

The remaining 2 “agitated” patients 
were females, 1 of whom appeared schizo- 
phrenic on admission, the other suggest- 
ing a reactive depression. Tlie former 
had a history of previous mental break- 
down 25 years before the present admis- 
sion. This time she was e.xcited, agitated 
and had shown violent behavior since the 
birth of a child 4 months ago. She had a 
persistent fever but all studies, including 
agglutination tests, were negative. Sulfa 
drugs were tried empirically but the agi- 
tation and restlessness persisted and pa- 
tient died. The postmortem e.xamination 
showed only bronchopneumonia. 

The last case of this group was a 50 year 
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old white female who became jittery and 
worried about her alcoholic husband. She 
became negativistic, would not eat and 
appeared malnourished on admission. She 
was quite agitated, required restraint and 
tube feeding. She was e.xtremely unco- 
operative, became mute and died on the 
21st day. 

In the group with tuberculosis, 2 at- 
tempted suicide unsuccessfully and were 
admitted to the wards as cases of depres- 
sion. One patient was admitted because 
of agitation; 1 was comatose on admission 
and J case, brought to the hospital as 
milfl senile psj’chosis, showed tuberculous 
pneumonia at necropsy. 

In tlie 5 patients with metastatic brain 
tumor the primary growth was broncho- 
genic carcinoma in 2, and carcinoma of 
stomach, larynx and cernx respectively in 
the other 3. Four of the 5 were admitted 
because of agitation, 1 was confused and 
showed marked organic deterioration. All 
5 cases were e.xamined at autopsy. 

Unfortunately, of the 3 patients believed 
to have priinarj' brain tumor, only 1 came 
to necropsy. The tumor proved to be an 
astroblastoma of splenium corpus callo- 
sum. The other 2 patients had definite 
clinical findings pointing to intracranial 
lesions, cerebellar in 1, and in the right 
temporal lobe in the other. 

Of the 3 epileptics, 1 was a 23 year old 
Italian woman, markedly deteriorated, 
agitated and confused, who died 2 days 
after admission. The second was a 61 year 
old woman who had been a known epi- 
leptic for 25 years, was admitted^ to 
another hospital as suspected intestinal 
obstruction, became overactive, irrationa 
and disoriented, and died 7 daj's after 
admission. The last case, a knowm epi 
leptic, w'as a ' 28 year old white man 
markedly agitated and confused on a 
mission, with a rectal temperature o 
107° F. (found to have a subarachnoid 
hemorrhage of unknown etiology), ^n 
died on the 4th day (no autopsy). 

The 3 cases of bromism had blood bro- 
mides (on admission) of 420, 340 an ^ 
mg. per 100 cc. respective!}'. Tn-o were 
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known to be heavy alcoholics. All 3 were 
comatose on admission, 2 were started 
on sodium chloride, the other died before 
treatment could be instituted, all dying 
within 1 week of admission to the hospital. 

The 2 patients with . tuberculous men- 
ingitis were both stuporous on admission 
and died 5 days later. The 2 cases of 
successful suicides were both involutional 
melancholia. The remainder of the cases 
are as listed. 

Of the so-called purely functional psy- 
choses, there were no deaths among the 
clear-cut schizophrenics (although some 
of the “ agitation” group may fail in that 
class), none was a proven or known 
manic-depressive psychosis, and there 
were 2 successful suicides among the 
involutional melancholics. 


Sununary. 1. A survey of the causes 
and incidence of death in an acute psy- 
chopathic department was made. Of 
3374 patients admitted in 1 year, 332 died. 
Senile patients numbered 827, of whom 
231 died. Of the 2547 non-senile patients, 
101 died. The causes of death in the 
latter group are analyzed. 

2. The commonest cause of death was 
cardiovascular disease. 

3. Alcoholism and general paresis were 
about equal as the next commonest causes 
of death. 

4. Ten per cent died of “ agitation” of 
unknown etiology. 

5. Tuberculosis and neoplasm (both 
primary in the brain and metastatic) w'ere 
next in frequency. 


Wo wish to acknowledge our indebtedness to the Pathology Dept., especially Dr, Helena Riggs and 
Dr. William Ehrioh. 
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(From 

Jn Link aiui his co-workers puh- 
li.shcd a series of ol)Scrvations on the 
action of certain .yantiiines on the pro- 
thrombin time of several experimental 
animals.-'’-^ Tliey were able to demon- 
strate that large .single doses of cafl'cine, 
theophylline, theobromine, atninojdiyllinc, 
and other .xanthines, when given orally to 
the dog, rabbit or rat induced a state of 
hyperprothrombinemia which was readily 
detectable in diluted (12.5%) plasma. 
When these animals were given 3,3'- 
mcthylencbis - (4 - hydro.xy - coumarin) 
with the methylxanthincs, the c.xpcctcd 
hypoprothrombinemia was partially neu- 
tralized. Relatively large thcrapentic 
doses of aminophyllinc (12, 24, 30 mg./kg. 
b^' mouth daily) produced a hyperpro- 
throrabincniic elfcct in dogs detectable in 
2 to 5 days, and maintained for periods 
as long as 30 days. The authors sug- 
gested that, “Since our results . . . 
indicate that the methylxanthines not 
only render the blood hypercoagulable, 
but also counteract such a potent hypo- 
thrombinemic agent as 3,3'-mcthy]encbis- 
(4-hydro.xy-coumarin), it is conceivable 
that their use in man might augment the 
tendency for thrombus formation.”- It 
was to determine the effect of therapeutic 
doses of aminophyllinc on the prothrom- 
bin time of man that this study was under- 
taken. 

Method. Many workers have advocated 
the use of diluted (12.5%) plasma in order 
to detect small changes in prothrombin 
times.’’^''*'®'^’®-® The determinations of pro- 
thrombin time were done by the Quick 
method,^ as standardized by Aggeler, et aU 


Island) 

All experiments were performed on fast- 
ing blood, and were completed Mthin 2 to 
G hours after tlie specimens were draan. 
The subjects were young, adult, male pa- 
tients wit!) mild bronchial asthma, in a 
Naval Hospital. Thej' were under no other 
drug therapy at the time of the study. 
Five cc. of blood were mixed with the dir 
o.xalate mixture of Heller and Paul (4 mg. 
potassium oxalate and 6 mg. ammonium 
oxalate). After centrifiigalization the plas- 
ma was diluted to 12.5% with 0.85% sodium 
chloride. In all e,xperiments a single speci- 
men of dehydrated human brain, prepared 
by acetone extraction and stored in an 
evneunted desiccator, was used.* Under 
these conditions, 0.005 M. calcium chloride 
solution was found to produce optimal 
results. All determinations were made in 
triplicate at 37° C. and the results averaged. 

Results, 1. Normals, (a) Protlirombin 
times were determined on 10 normal indi- 
viduals, using 12.5% plasma. In this 
series, the mean was 24.5 seconds, the 
range 22.7 to 26.S seconds, and the stand- 
ard deviation plus or minus 1.4 seconds. 
These values are comparable to those 
found by other workers using this method.* 

(Z») Prothrombin times were determined 
on 10 separate specimens of blood from a 
single indiridual. In this series the mean 
was 24 seconds, the range 19.S to 25.S sec- 
onds, and the standard deviation plus or 
minus 1.7 seconds. Using 2.5 as the le)e 
of significance, it can be shown that a 
difference of plus or minus 4.3 secon s 
(from the mean) is required for the vana- 
tion to be significant. This means that a 
change in prothrombin time in any given 
series on 1 indiridual would have to e 
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greater tlian 4.3 seconds in order to be 
certain that the variation was not due to 
chance. 

2. Effect of Small Oral Doses of Amino- 
phylline. A group of 5 patients were given 
aminophylline, 0.1 gm. orally 3 times a 
day for 7 days. Prothrombin determina- 
tions before, during, and after therapy 
showed no significant change in the pro- 
thrombin time (Table 1). None of the 
patients developed toxic sjmiptoms. 


prothrombin times were determined before, 
during and after therapy. Again, no sig- 
nificant change was observed (Table 3). 

Comment. It has been shonm that, in 
man, hyperprothrombinemia can be de- 
tected using 12.5% plasma.®''^’®’® In this 
small series, no hyperprothrombinemia 
could be demonstrated follovdng adminis- 
tration of aminophylline. It would seem, 
then, that the fear that aminophylline 
may produce hyperprothrombinemia (and 


TabIjE 1. — Prothrombin Time in Seconds or 12.5% Plasma FoLLO'mNG Aminophylline 
IN Oral Dosage of 0.1 Gm. 3 Times Daily for 7 Days 


P.-ilicnt: 

W. K. A. 

K.W.B. 

3.S.B. 

J. A. C. 

T.W.C. 

Before aminophylline 

26.8 

23 3 

22.2 

23 2 

22 0 

Before aminophylline 

26.2 

24.0 

22.6 

24 8 

23 5 

On 5tli day of therapy 

23.3 

24.5 

24.7 

22 8 

27.3 

1 day after discontinuance of therapy . . 

24.3 

26 0 

23 8 

25 2 

27.7 

Table 2.— Prothrombin Time in Seconds' of 12.5% Plasma Following 

Aminophylline 

IN Oral Dosage of 0.5 

Gm. 3 Times Daily 

FOR 2 Days 


Patient: 

M. K. A. 

H. J. 

E. H. P. 

H. L. G.* 

J. M. C.t 

Before aminophylline 

24 3 

25.5 

25 3 

, , 

27.7 

Before aminophylline 

24 0 

25.2 

24 0 

24 5 

28.7 

After 1 day of therapy 

28 3 

26. S 

26.8 

25 5 

27 0 

After 2 days of therapy 

22 5 

25 5 

24.7 

21 3 


3 days after discontinuance of therapy . 

23 3 

24.5 

24.0 

24 7 

28 3 

* This patient received aminophylline, 0.5 

gm. intravenously, on 1st daj’’ of therapy 

in addition 

oral dose. 






t This patient received 0.5 gm. aminophylline 3 times a day for 1 day only. 



Table 3.— Prothrombin Time in Seconds of 12.5% Plasma Following Intravenous 

Administration or 

0.5 Gm. 

OF .(VmINOPHYLLINE 



Patient: M. K. A. 

H. J. 

E. H. P. 


Before aminophylline 

. 

22 0 

23 8 

22 8 


Before aminophylline 


24 0 

22 7 

24 3 


3 hours after administration 


24 3 

24.7 

22,4 


21 hours after administration . 


24.3 

25 5 

25 3 


72 hours after administration . 


24 0 

25 2 

24 0 



3. Effect of Large Oral Doses of Amivo- 
phpUine. A group of 4 patients were given 
aminophylline, 0.5 gin. orally 3 times a day 
for 2 days. Prothrombin determinations 
before, during and after therapy showed 
no significant change in the prothrombin 
time (Table 2). All of the patients ex-peri- 
enced minor toxic symptoms of anorexia, 
slight nausea, and nervousness. 

4. Effect of a SiagJe lulrarctwiis Dose of 
AiutaophtjUmc. Three patients were given 
0,5 gm. aminophylline intravenously and 


an increased tendency toward thrombus 
formation) is unw.arranted, and does not 
constitute a contraindication to the thera- 
peutic use of the drug. 

Summary and Conclusion. Amino- 
phylline administered orally and intraven- 
ously in full dosage to a small series of 
Inn nan subjects produced no significant 
change in the prothrombin time. 

The therapeutic use of the drug there- 
fore probably does not involve any 
increased threat of intravascular clotting. 
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TUMORS OF THE SKIN 
PART n. A Review of Recent Literature 
By Herman Beerman, M.D. 

PHILADELPHIA, 


Epithelioma (Cutaneous Carcinoma). 
For ordinary considerations cutaneous 
epitlreiiomas arc divided into 2 groups, 
those of basai celi and prickie or squamous 
celi or epidermoid carcinoma. This dis- 
tinction migiit appear of iittie significance 
init, as indicated above, the differences in 
course, location, treatability, metastasis, 
etc., make tliis distinction of practical if 
not tlicorclical, importance. 

Basal ccU epUheUomas vary in size from 
small to large, arc clironic, with a slowly 
growing superficial to deep nodule or ulcer 
and a rolled pearly, telangiectatic border, 
llic center of wliicli is usually covered 
with a crust, removal of which causes 
bleeding. This type of lesion occurs pre- 
dominantly on the anterior portion of the 
face and forehead (Glasunow;'”® McFar- 
land, Cieeonc and Gclchrter;'*- Schrek;-*^ 
Sutton*''"''), but it may occur anywhere on 
the body. Histologically, there is a vary- 
ing arrangement of strands, like a lattice 
network, a gl.andnlar arrangement, or a 
solid growth of basal cells arising from 
(he basal cells of the epidermis, rarely 
from the basal cells of the dermal ap- 
pendages. Montgomery' ••5* has made an 
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extensive study of the histogenesis of 
these tumors and his classification of 
epithelioma presumably of basal cell 
origin is worth serious consideration.'®®* 
Basal cell epitheliomas may be benign, 
but in time local destruction may occur 
involving both cartilage and bone. They 
do not metastasize and those which seem 
to have metastasized will turn out on 
examination to be basal squamous or 
squamous cell epitheliomas (Montgom- 
ery'®®*’*). Pigmented basal cell cancers 
may occur. The pigment (melanin) is 
deposited in and between the cells of the 
tumor. Examples of the pigmented basal 
cell epithelioma have been reported by 
Eller and Anderson,®® Becker, ®®“ Alont- 
gomery,'®®* and by Quiroga and Helman.®'® 
Tliese latter authors believe that pig- 
mented lesions are not rare. On superfi- 
cial examination, these pigmented basal 
cell epitheliomas may resemble pigmented 
nevi or melanomas; but they are much 
firmer and more indurated than pigmented 
nevi and of perhaps a more brownish 
rather tlian bluish color more character- 
istic of melano-epithelioma. They also 
do not show extension along tlie lym- 
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pliatics. On tlie otlicr hand, Nisbet-'® 
lias reported anotlier case of the type 
originally descril)ed by Nomland-'^® of 
multiple basal coll epitheliomas originat- 
ing from congenital pigmented basal cell 
nevi. TJicsc eases Jiad the gross clinical 
appearances of pigmented nevi. Angio- 
matous forms of basal cell epithelioma 
have been reported by Lamb, Gcschickter 
and Lain.'^® Basal cell epitheliomas may 
also resemble other dermatoses such as, 
for c.xamplc, senile sebaceous adenomas, 
a benign lesion also named by Xomland.*'-" 
(See above.) 

hlontgoinery'®^^ states that about 20 % 
of neoplasms diagnosed clinically as basal 
cell epitheliomas are in reality transitions 
between basal and prickle cell lesions, the 
so-called basal squamous cell epithelioma. 
While there is no clinical difference be- 
tween basal cell and the transitional form, 
histopathologically they are characterized 
by a definite picture of partial pearl for- 
mation, witli brightly staining colloidal- 
like centers, light-staining intermediary 
and prickle cells and darker staining basal 
cells at the periphery. They tend to infil- 
trate the tissue in narrow strands, both 
going down and reaching out at the mar- 
gins of the lesions. This fact indicates 
the need for wider e.xcision than for basal 
cell epitheliomas. 

Treatment of basal cell epitheliomas is 
by e.xcision, electrodestruction or radio- 
therapy. The type of therapy depends 
on the size and location of the lesion. 
Warren and Lulenski®-® found basal cell 
epitheliomas to have a less formidable 
prognosis than have epidermoid carci- 
nomas from the standpoint of mortality, 
but they have a very little better outlook 
as far as 5 3'ear cures are concerned. This 
is a point that should be stressed, since 
the clinician usually regards basal cell 
cancer as a relatively benign lesion and 
one of small importance. A visit to the 
cancer wards of an^"^ large city general 
hospital will soon dispel any doubt about 
the disabling propensities of this type of 
tumor. ■ 

Prickle cell carcinoma usually presents 


a wider and more indurated border than 
basal-cell epitheliomas. Senile keratoses 
are frequently forerunners of this type of 
lesion. They are most apt to occur on 
the c.xposed parts of the body. They 
may^ attain large size and be destructive. 
Carcinoma of the mucous membrane is 
always of this variety. They may re- 
semble other disorders, especially gumma, 
if situated on the lip or tongue. Broders, 
as previously' stated, classifies these tumors 
in 4 grades depending on the amount of 
dilfercntiation of the individual cell, mito- 
sis and pearl formation. Squamous cell 
carcinoma has a decided tendency to 
metastasize, especially' Grades 3 and 4 
of Broders. Treatment should be radical 
and the type will depend on the situation 
and type of lesion. End-results are worse 
than in basal cell epitlielioma, which has 
the advantage of slow development, non- 
metastasis and occurring on an accessible 
situation. Sqiiamous cell cancer is thor- 
oughly' discussed in the surgical and 
radiologic literature. 

Calcifying Epithelioma (Malherbe’s Ep- 
ithelioma). This ty'pe of tumor had 
received little attention in tire American 
literature until Ch’in’s^ article in 1933 
and Sutton and Sutton’s“““ report of a 
case in 1935. The distinguishing features 
of this tumor as outlined by the Suttons 
are as follows; 

“(a) The spherical shape, (b) The size 
generally' of from 1 to 3 cm. (c) The loca- 
tion under the derma, fi-xed to the skin 
above and freely' movable over the deeper 
tissues, (d) The hardness, which may be 
almost bony, (e) The occurrence (m order 
of frequency') on the head, arms, forearms 
and back, then elsewhere. (/) The occur- 
rence in persons of any age, but often m 
y'outh or in early adult life, (g) The spicu- 
lar, gritty' surface of the gross section. ( ) 
The component bands of epithelium, v ic ^ 
hornify', calcify and become engulfed y 
giant cells, (i) The encapsulation and con- 
tinuity with the capsule of a dense fibrous 
stroma remarkable for the giant cells mis 
structure, (j) Its behavior as a benign 
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■•■•■'incoplasm or local growth, (fc) Its amen- 
ability to local excision with permanent 
cure.” 

Highman and Ogden^^® (1944) believe 
the most characteristic feature to be 
■ ' eosinophilic degeneration of the epithe- 
lium which they think is a form of dys- 
il -;2 keratosis. 

Malherbe and Chenantis,^’'® in 1880, 

! were the first to describe this type of 
tumor as calcifying epithelioma of sebace- 
ous glands. Since then reports have 
appeared, especially in the French and 
German literature. Ch’in, in 1933, re- 
ported on 10 tumors with this diagnosis 
gathered from over 22,000 surgical speci- 
mens covering a 15 year period. From 
7. .■ a study of the literature he collected 116 
additional cases. Cote“ reported 12 cases 
7 * in 1936. Highman and Ogdeid^® reported 
7.. on 1 probable and 11 definite tumors of 
' ■ this type gathered from a series of 24,185 
surgical specimens received over a period 
'• ■ of 15 years. 

This tumor may occur at any age. In 
Highman and Ogden’s series, in which 
most of the diagnoses were on a clinical 
'r. basis, the age range was between 17 
months and 66 years. In a recent series 
of 13 ca.scs reported by jMuehlon, which 
clinically were thought to be mostly der- 
moids or atheromatous change, the lesions 
7;- first appeared in 8 persons less than 20 
■ ^ years of age, in 4 persons 20 to 30 years old 

and in 1 at the age of 65 years. Highman 
' and Ogden found the cases to occur in 
4 females and 8 males, a ratio of 1 to 2. 
iMuehlon, however, found 9 in females 
and 4 in males. 

The origin of the tumors is not clear. 
According to Highman and Ogden they 
have been variously regarded as endothe- 
lioma, atheroma, basal cell carcinoma, a 
derivative of aji epithelial rest, a result 
of truumatie. epithelial inehisions, chol- 
esterotoma and dermoid and epidermoid 
7 cyst. Malherbe suggested that the lesion 
; re.sults from abnormal proliferation of the 
' lining wall of a sebac<.'Ous cyst. Kauf- 
maun*''^ stated that the origin may be 
in prefornuxl glands as well as in deep- 
M'u NO. •t—ocrorrr.. 


lying (dystopic) epithelial cells, probably 
misplaced anlage material. Cote express- 
ed the belief that it was a lesion sui 
generis possibly derived from the anlage 
of a sebaceous gland in which the final 
growth occupies an intermediate position 
between epidermoid cyst and basal cell 
epithelioma. Muehlon believes these le- 
sions are hamartomas, the peculiar feature 
of which is that the aberrant basal cells 
are potentially destined to eventual spon- 
taneous necrosis. Highman and Ogden 
suggest that these tumors may have an 
origin from or similar to that of hair 
follicles. 

Multiple Superficial EpitJielioviatosis. 
Much of the literature on this subject has 
been recently reviewed by Weisman and 
Medalia.®®“ Multiple superficial epithe- 
liomatosis, as distinct from morphea-like 
and superficial types of arsenical epithe- 
liomas, was first clearly described by 
Graham Little’®- in 1923 under the name 
of “ erythematoid benign epithelioma.” 
Wise®®® claimed that prior to this time it 
was called multiple benign superficial 
epithelioma. In recent years there has 
been considerable confusion as to what 
constitutes this process clinically and his- 
tologically. Savatard®®®“ concluded from 
a survey of the literature of a 60 year 
period that, because of the protean clinical 
and histologic manifestations, variants of 
this dermatosis have been described as 
separate entities. He maintained that 
mammary and extramaramary Paget’s 
disease of the skin, erythroplasia of 
Queyrat, and Bowen’s precancerous der- 
matosis were different forms of the same 
disease. He foui^d in his experience that 
they all resembled a psoriatic plaque and 
he accordingly proposed the name, “pso- 
riasiform carcinoma of the .skin” for 
them. This is not in keeping with the 
experience of Montgomery’®'''^ and others, 
which leads to a distinction between 
superficial epitheliomatosis and the afore- 
mentioned states. Bowen’s disease is, 
according to Montgomery, in reality a 
squamous cell epithelioma in situ. Dorffel 
•who found IS c-.tses among 200 epithelial 
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skin tumors studied histologically between 
1925 and 1935 (University of Konigsberg) 
felt that there were feiv characteristic 
features in these lesions. He differenti- 
ated them from lesions of eczema, pso- 
riasis, liehen planus, syphilis, lupus erythe- 
matosus, Bowen’s disease and Paget’s ex- 
trammary dyskei'atosis. Biopsy is neces- 
sary to establish the diagnosis. The cause 
of multiple superficial epitheliomatosis 
is unknown. Ingestion of arsenic was 
frequently suggested to e.xplain the 
lesions (Tauber and Goldman;-’* Hopkins 
and Studdiford;'“ Ayres;” Ander- 
son;*” Wright and Friedman*”). It is 
more frequent in women than in men 
(14 to 4, Dorffel; Madsen*"^). Madsen 
believes the lesions are unicentric in origin. 

The lesions may, be dry or eczematoid 
in type. Tliey first appear on the trunk 
as erythematous, smooth, flat, irregular, 
shiny macules and papules, which gradu- 
ally enlarge and coalesce to form plaques 
2 or 3 cm. or more in diameter. A fully 
developed case has niultiple reddish to 
violet discoid patches of variable size up 
to 20 cm. in diameter, h'lany of the 
patclies are smooth and not infiltrated. 
A certain amount of scaling, oozing and 
crusting may be a feature. There is a 
characteristic fine thread-like, somewhat 
elevated border surrounding the lesions. 
There may be central healing consisting 
of a white atrophic surface with some 
telangiectasia in some of the long-stand- 
ing lesions. They may persist with little 
change for as long as 40 years. 

Madsen*^* in his monograph based on 
his own 10 cases and the literature adds 
new features, such as melanin in the 
plaques and the occurrence in younger 
persons. He believes the pigment is the 
result of inflammatory reaction in response 
to tumor. The lesions are single in 42% 
of the cases; they may in rare instances 
exceed 200 to 400 (Pautrier and Acham- 
bault; van cler Meiren), They may occur 
anywhere except on the palms, soles, 
fingers, toes and genitalia. The dorsum 
of the hand is a rarely affected site. The 
course is benign, metastases are rare, 


though local recurrences are frequent. 
Wc have seen recurrences at the margins 
of treated lesions even in some which 
have sustained an irradiation reaction 
(atrophy and telangiectasia). 

MctasUidc CnianroKS MaJignaneij. Cu- 
taneous carcinoma may result from carci- 
noma situated anywhere in the body, and 
may occur at any age — even in the new- 
born’^ — but usually late in life. Such 
involvement may arise: (1) by extension 
by direct invasion from adjacent tumors; 
(2) Ijy extension througli tlie lymphatics 
(Sampson-Handley’s "permeation”); (3) 
dissemination through lymphatics with or 
without involvement of the lymph nodes 
between the primary growth and the 
metastatic lesion; (4) the dissemination 
through tiie blood stream, as occurs in 
manj' cases of cutaneous metastasis. 
Only the last two are metastases in the 
strict sense of the word. The incidence 
of cutaneous metastasis of malignant dis- 
ease is not high. In a study devoted to 
this subject Olive Gates’’ found metas- 
tases of the skin in 93 (0.1%) of 82,298 
specimens; 29 (0.04 7o) fron* 80,000 surgi- 
cal specimens, and 64 (2.7%) from 
autopsy specimens of 2298 malignant 
tumors. Gates regards the autopsy series 
as probably the more representative 
figure. Her figures are higher than tliose 
in the literature on the frequency of 
secondary skin tumors (0.01 to 0.7 % for 
all types of cases malignant and non- 
malignant). Of 2031 carcinomas in the 
autopsy series, 43 (2%) had skin metas- 
tasis. In the group from the literature 
the number of skin metastases from mes- 
enchymal and epithelial tumors is practi- 
cally the same, 176 sarcomas against 
173 cases of carcinoma. Carcinoma of 
the breast is the most important primary 
tumor site in this respect, producing as 
manj’^ secondary skin tumors as all other 
types together. Among 5S metastatic 
tumors, 25 originated in the breast; how- 
ever, collected cases from the literature 
showed onlj' 8 out of 173 metastatic car- 
cinomas primary in the breast. ” 
may be due partly to the fact that s 'in 
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tumors from breast carcinoma are so 
common as to excite little interest and 
partly to the common assumption that 
they result from lymphatic permeation 
and are not true metastases. The remain- 
ing 24 cases in Gates’ series arose from 
14 different organs; 4 from the lung; 
2 each from the uterus and kidney; 2 each 
from the stomach, rectum and pancreas; 
1 each from the liver, adrenal, thyroid, 
tonsil, jaw, urethra, prostate and penis. 
From the literature, carcinoma of the 
stomach (54 cases) produced the majority 
of secondary skin tumors. After the 
stomach the order of frequency is; uterus, 
17 cases; lung, 15; large intestines, 13; 
kidney and ovary, 10 each; esophagus, 
5; liver, 4; urinary bladder, 3; tonsil, 
pharynx, trachea, adrenal, thjToid, 2 
each; nose, larynx, parotid, tongue, penis 
and gall bladder, 1 each. In both series 
excepting breast and stomach, carcinoma 
of lung, uterus and kidney are the most 
important sources of skin metastases, the 
incidence varying from 5 to 9%, If 
carcinoma of the breast is withdrawn 
from both series, the incidence for differ- 
ent sources of epithelial skin metastases 
is practically unchanged for the literature 
group, but is considerablj" increased for 
carcinomas of Gates’ series. The stomach 
has long been considered the most impor- 
tant source of skin metastasis, but the 
statistics from the literature arc contra- 
dictory on this point, and do not al- 
together substantiate this assumption. 
From Gates’ analysis it appears obvious 
that carcinoma metastatic in the skin is 
frequently not recognized. The impor- 
tance of these metastatic lesions is that 
they are often the first evidence of the 
existence of malignancy and also of metas- 
tasis. These e\itaneous metastases are 
not necessarily immediate j)recur.sors of 
death. They are of limited prognostic 
value, since the behavior of the skin 
tumors does not necessarily indicate rate 
of growth of tile primary tumor. The 
gross ajijH'aranee of skin metastases is 
not distinctive. They have a jiredileetion 
for certain sites, especially tlic chest, in 


the axilla, on the abdomen and in the 
perigenital region.- In some cases the 
secondary groud:h may overlay the pri- 
mary tumor. TJie scalp is rarely affected 
by metastasis; when found it must be 
distinguished from turban tumors and 
carcinomas of various dermal appendages 
(Montgomery and Kierland;^®'’ Ronch- 
ese252i) Ovarian carcinoma with metas- 
tases to the skin has rarely been reported. 
Urbach, Waldow and Stamm, in an 
interesting case report of diffuse meta- 
static lesions from an ovarian carcinoma, 
review the literature and note only S cases 
besides their own, the first in tlie Ameri- 
can literature. This case is especially 
interesting because of erysipelas-like fea- 
tures resembling the condition knoum as 
“erysipelas carcinomatosum” (Lee and 
Tannenbaum;’^' Rasch;-^® Pfahler and 
Case"®). Unfortunately the authors did 
not mention Gates’ paper in which 
10 cases of ovarian carcinoma with cuta- 
neous metastases were gathered from the 
literature, although she had no personal 
cases. Since Gates does not detail the 
source of her cases from the literature, 
Urbach and his associates’ case still ap- 
pears to be the first in the American 
literature. Nicholas®®® reported a case of 
acanthosis nigricans in whicli deep cuta- 
neous and subcutaneous metastases from 
a retroperitoneal lymphosarcoma were 
observed histologically. This case sug- 
gested the advisability of examination of 
the deepest parts of the corium and sub- 
cutaneous fat in future histologic studies 
of acanthosis nigricans. Nodi h.as recently 
reported skin meta.stases of a malignant 
hypernephroid tumor.®"® 

In Gates' group of 442 case.s of cuta- 
neous metastases, there were 200 mesen- 
chymal tumors. Lymphomas and leu- 
kemias make up 94 G of the mesenchymal 
tumors and 43 G of the entire group. 
These mesenchymal tumors made up 23 tr 
of her atitopsy group. Of these the 
lymphomas and leukemias arc the most 
important groups, secondary skin tumors 
being present in S {9^r) of 8-5 lymphoma 
autopsies and in 31 (GG) of 50 leukemia 
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autopsies. A little over one-half of the 
lymphomas in the series of leukemia cutis 
were from autopsies. This is explained 
on the basis that in lymphoma cutis the 
primarj' disease is less obvious than in 
leukemia and diagnosis frequently de- 
pends on biopsy. The lymphoma-leu- 
kemia group -was responsible for most of 
the u’idespread cutaneous metastases (53 
of 69 instances were in this group). 

C^tfancons Carcinoma Arising From Var- 
ious Cutaneous Disorders. A number 
of cutaneous diseases have been secon- 
darily affected by carcinoma. Among 
them are xeroderma pigmentosum, rhin- 
ophyma (No^x”); Darier’s disease (Car- 
ache^'); sebaceous cyst (Stone and Ab- 
bey-’^®); psoriasis (arsenic?) (Wright and 
Friedman®*-); lupus vulgaris (0.5 to 1% 
of cases) (Ormsby and Montgomery®'®); 
acrodermatitis chronica atrophicans (Pack 
and Wuester®®®); radiodermatitis; osteo- 
myelitic cavity or sinus (Steward, Ober- 
mayer and Woolhandler;®'® Bereston and 
Ney®®); lupus erytliematosus, granuloma 
inguinale and lymphogranuloma vener- 
eum. One must be careful to be certain 
in some of these supposed carcinomatous 
complications that he is not dealing witli 
pseudo-epitheliomatous change. Only 
lupus erytliematosus and lymphogranu- 
loma venereum will be detailed here. The 
mechanism of tlie carcinomatous change 
is not clearly understood in most of the 
disorders listed. Trauma, arsenic, irra- 
diation (sun, Roentgen ray) are among 
the proposed explanations. 

(a) Epithelioma as a Complication of 
Lupus Erythematosus. In reviewing this 
complication of lupus erj'thematosus, Am- 
brosetti® stated that epithelioma is not 
exceptional in lupus erythematosus, but 
is not as frequent as is the case of lupus 
vulgaris. Dicke®® collected 50 cases, 3 
personal; VeieP'® collected 90 cases; Tisch- 
nenko®®® collected 91 cases (1 basal cell), 
remainder were prickle cell carcinoma. 
These cases are supposed to occur most 
often after prolonged irritation (pyrogallic 
acid) or injudicious amounts of radio- 
therapy. 


Ulilmann and Schambye®"® believe that 
cancer was not rare in this dermatosis, 
but denied that Roentgen rays facilitated 
its development. Louchtchitzky'®® ob- 
served 400 patients of whom 15% (60) 
were irradiated with Roentgen rays, 6 
(4 women and 2 men) presented epithe- 
liomas (10%). These appeared 6 months 
to 7 years after the application of the 
roentgenotherapy. There were no cases 
of cancer among those who did not 
receive Roentgen irradiation. He be- 
lieved tliat these patients had hypersen- 
sitivity to Roentgen rays and considered 
it a dangerous type of treatment which 
should be avoided in the treatment of 
lupus erjd;hematosus. Pautrier®®® cited 
2 cases of prickle cell cancer of the lips. 
Le Coulant'®' presented a case of preco- 
cious spirocellular epitlielioma of grave 
prognosis in a patient who had had no 
previous radiotlierapy. ICogoj"® encoun- 
tered only 3 cases of epithelioma among 
385 patients witli lupus erythematosus. 
In 315 patients of Puente®®® there were 
only 2 examples of epithelioma; 1 follow- 
ing Roentgen therapy, the otlier occurring 
without previous Roentgen irritation. 

(h) Malignancy and Lymphogramdoma 
Venereum. Deibert and Greenblatt*' be- 
lieve that genital malignancy may be co- 
existent with, simulated by, or a direct 
sequel of one of tlie venereal diseases. 
Thej^ believe the association of the malig- 
nancy and venereal disease is too frequent 
to be coincidental. Etiologic relation has 
been suspected by a number of autliors 
as Pund, Greenblatt and Huie;*®® 
well and Pund;*® Liccione;'®® David and 
Loring;®® Lisa;'®® Reeves;®'® Greenblatt;' 
Smith;®'® Taussig.®®®' Lately Guzman 
reported XTjlvar involvement of Ijunpho* 
granuloma venereum and carcinoma. Sim- 
ilar associations were reported by Cardwe 
and Pund; Pund, Greenblatt and Hum 
and Deibert and Greenblatt. Binkley 
and Derrick®® reviewed the literature on 
the association of squamous cancer vi 
anal manifestations of bonphogranu oma 
venereum. Among 87 cases of squaro^s 
cancer of the anus and rectum at 
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Memorial Hospital in New York, study 
revealed 8 positive and 11 negative Frei 
tests among 19 tested. The remainder of 
the eases were treated prior to the routine 
employment of the Frei test. It is neces- 
sary to point out that the Frei test, made 
with all types of antigens, cannot, in the 
Reviewer’s opinion, be relied upon im- 
plicitly as an indication of the existence 
of lymphogranuloma venereum. 

Malignant Melanoma. Without enter- 
ing into the long-standing controversy as 
to the epidermal versus mesodermal region 
of these tumors, we shall discuss them 
under tlie non-committal name of malig- 
nant melanoma, as proposed by Becker,-*^ 
but with the conviction leased on the best 
American dermatologic authority that 
they are really probably epidermal origin 
(melano-epithelioma) . Among the recent 
papers on this subject are the general 
discussion of Becker (1936); Butterworth 
and Klaudcr on malignant melanomas 
arising from moles Netherton-®® on cuta- 
neous and nervous system involvement; 
Recse’^”“ on precancerous melanosis and 
diffuse malignant melanoma of the con- 
junctiva and his later study Dixon 
Daland and Holmes;®’ Pack and Adair’’’ 
oh subungual melanoma; Moersch, Love 
and ICernohan;’” Taussig and Torrey;”®^ 
Sweet and Connerty;’®® Howes and Birn- 
krant;”® Tod;’®® Driver and MaeVicar.’"® 
Malignant melanoma is essentially a 
disease of the white race. It occurs more 
frequently in males. These lesions may 
occur at various ages, but the average is 
around 50 years. For example, Howes 
and Birnkrant (1943) found an average 
age of 52.4 years (youngest 22 years) 
among their 32 patients. Taussig and 
Torrey found an age range of 5 to SG years, 
with an average of 4S.7 years. Sweet 
and Connerty presented a case with ante- 
natal metastasis. The process usually 
begins as a solitary blue black or steel 
blue flat or elevated nodule, plaque or 
tutnor of several millimeters to several 
centimeters in diameter. Occasionally 
the color may be a lighter brown, especi- 
ally when a pigmented nevus undergoes 


malignant change. These lesions occur 
on any part of the body, but most fre- 
quently on the extremities and exposed 
parts (Howes and Birnkrant; Butterworth 
and Klauder). Trauma may have a pos- 
sible influence on their frequent occur- 
rence in exposed locations (implantation 
melanoma) ; according to Taussig and 
Torrey, however, trauma is not always 
recorded preceding the onset of melanoma. 
A relatively rare localization is in the nail 
bed or nail fold (melanotic whitlow of 
Hutchinson). Pack and Adair (1939) 
found that 29 (6.1 %) of 477 tumors oc- 
curred on the hand, and of these 34.5% 
were subungual in distribution. They list 
13 conditions which must be differentiated 
from this lesion. Sometimes the lesions 
may arise on the conjunctiva and other 
ocular sites (reviewed by Reese, 1938 and 
1943). Malignant melanoma may affect 
the nervous system. In their review of 
this subject Moersch, Love and Kernohan 
found 34 such cases (of which 19 were 
verified at autopsy) in 500 cases of mela- 
noma observed at the INIayo Clinic from 
1930-1939. In about one-quarter of the 
cases, the primary tumor was about tlie 
eye. In at least 347 cases of melanoma 
there was evidence of recurrence or metas- 
tasis at the time the patients were seen 
at the clinic. Most of them died, and in 
at least 34 of tliese 347 patients there 
was clinical evidence of central nervous 
system involvement. Netherton offers 
tlmee possible explanations of the relation 
of the pigmentary changes in the men- 
inges to the pigmentation on tlie skin: 
(1) melanoma of the meninges as a meta- 
static lesion coming eitlier from tlie ne\'us 
or the eye, either being the usual location 
of primary malignant melanoma; (2) the 
lesions being of a different type, unrelated 
and only coincidentally associated; (3) 
the ne\nis and changes in the central 
nervous system being related in tliat they 
were congenital malformations resulting 
from widespread developmental disturb- 
ance in the ectoderm. He regards the 
third as the most plausible. 

It is stated that about one-third to two- 
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thirds of the malignant melanomas arise 
from a pigmented ne\ms. This fact is sub- 
stantiated by most authors (among them 
Montgomery Butterworth and Klau- 
der; Becker, Taussig and Torrey; Howes 
and Birnkrant and Traub;’*^ Traub and 
ICeiF®®). Those who claim they usually 
arise from normal skin may do so because 
of faulty observation on the part of the 
patient to notice a relatively insignificant 
spot or because the lesion may be occa- 
sioned by the presence of a congenital cell 
rest which remains quiescent until stimu- 
lated to active growtii. On the other 
hand, there is disagreement as to the 
type of ne^'ns which is the precursor of 
the malignant melanoma. IMontgomery 
(1944) claims that contrari^ to what has 
been stated in the literature (Taussig and 
Torrey; Traub; Traub and Keil), they 
may arise from both tlie superficial flat 
or junction tj^ie of ne%ms and the ordinary 
hairy mole. We believe that if tliis latter 
phenomenon is possible, it must occur 
very rarely. Lentigo maligna, which is a 
deeply pigmented flat macule or slightly 
raised papule maj'' remain as such or 
result in verruca senilis, senile keratosis 
or malignant melanoma. All types of 
transitions between various pigmented 
spots and nevi and malignant melanoma 
have been described. 

The course of malignant melanoma is 
variable. It is well described by Butter- 
worth and Idauder, and Montgomery.^®’'" 
The first symptom of malignancy is a 
very rapid increase in size and tlie lesion 
may become verrucous, fungoid or ulcera- 
tive. Increase of pigment occurs at the 
same time or soon thereafter. Mont- 
gomery (1944) recognizes fine radiating 
lines of pigment extending up the lym- 
phatics as indicative of extension. Bleed- 
ing also occurs early, but may not appear 
until some months after increase in size. 
Metastasis may occur early in the dis- 
ease and may skip adjacent lymph nodes 
to show involvement of tlie internal 
■organs. Multiple cutaneous metastases 
may be seen and, depending on the rapid- 
ity of grovih, may be pigmented or not 


(amelanotic melanoma). Those from the 
eye are usually amelanotic. Eller and 
Schonberg“ observed a patient with 
metastatic melanocarcinoma with ap- 
parent recovery. Histologically, this tu- 
mor is represented by the presence of 
malignant neims cells. Biopsy may be 
necessary to rule out other blue black 
nodules which are not malignant mela- 
noma. 

Most authorities agree that electro- 
coagulation or cautery are dangerous and 
that radiation tlierapy is to be discour- 
aged. Best results are obtained by radi- 
cal excision, amputation if necessary, and 
dissection of lymph nodes, prophylacti- 
cally (Peck and Adair; Howes and Birn- 
krant). There is much discussion and 
disagreement regarding the prophylactic 
removal of moles, but a safe guide would 
seem to us to be tliat since removal of 
all moles is impractical, those which are 
subject to repeated trauma, especially at 
sites of frequent occurrence of malignant 
melanoma (head and feet) should be re- 
moved by wide excision or through 
destruction as advised by Klauder.’® 
Casual handling of this problem leads to 
what Tod has aptly termed the “tragedy 
of malignant melanoma.” 

An interesting note by HerbsP'® on 
“malignant melanoma of the choroid with 
extensive metastasis treated by removing 
secreting tissue of the testicles" was fol- 
lowed by a case of failure to cure melanoma 
by this means. A summary of the facts 
which link melanoma to the sex glands 
has been made by Howes.’’^ 

Connective Tissue Tumors. Keloids. 
These are benign, proliferative fibrous 
tissue overgrowths having their origin in 
the subpapillary plexus of the cutis and 
developing as a result of trauma. Keloids 
are fully discussed in the review of Garb 
and Stone.®® Because they have distinc- 
tive characteristics, tlrey occasion little 
difficulty in differential diagnosis from 
other benign growths. Histologic study 
is obligatory for final evaluation. 

Histiocytoma Cutis. Fibrofic nodules of 
tire skin have been studied recently by 
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numerous investigators: Sweitzer and 
Winer;"®”' Keil;'''° Urbach and Hill;®'” 
Michelson;'®^ Traub and Monash Sen- 
ear and Caro;”®' Stecker and Robinson;””® 
Lewis and Sachs;’®” Bernstein;®’ Arnold 
and Tilden." In their paper Sweitzer 
and Winer discussed the various types of 
fibrotic nodules which occur in tlie skin. 
They included nodules which appeared 
after trauma, and after certain general 
systemic diseases, subcpidermal fibrosis 
and knuckle pads. We shall only discuss 
histiocytoma cutis (subepidermal fibrosis). 

Histiocytoma cutis has been designated 
by a variety of names, including fibroma 
simplex, nodulus cutaneus, dermatofi- 
broma lenticulare, dermatofilDroma, nodu- 
lar subcpidermal fibrosis and by Urbach 
and Hill, imbibitio lipoidica collageni de- 
generati cutis. These tumors are of fre- 
quent occurrence; they may be single or 
multiple and arc located mostly on the 
extremities but do not favor the region 
of joints. The sites of predilection arc 
the extensor surfaces of the tibia and 
forearms, but any part of the body may 
be involved. They are small, superficial, 
hard, flat, asymptomatic lesions which 
range from about 0.5 to 3 cm. in diam- 
eter. Their color varies from red to dull 
brown, depending on their age. When 
removed, the lesions show no tendency 
to recur. Histologically Sweitzer and 
Winer “observed in all of them a cir- 
cumscribed proliferation of the collagen- 
ous fibrils in the deep reticular cutis. 
The interfascicular spaces are compressed, 
obliterating the lym])h spaces. Sebaceous 
glands are absent, and sweat glands 
below the involved area are atrophic or 
cojupressed. Histologically the lc.sion is 
stellate anil contaitis few vessels in its 
substance. The periphery, although not 
cncaj)sulatod. stands sharply in contrast 
with the norimd connective tksue which 
circumscribes it. At the junction of the 
normal and abnormal tissues the blood- 
vessels show marked sclerosis. Tlie elastic 
tissue within the lesion is greatly dimin- 
ished or entirely absent. One is impressed, 
e.xcept for tlie irregularity, by tlio simihur- 


ity to a true scar.” Michelson thought 
these lesions were a response of the con- 
nective tissue to a low grade excitant 
which does not bring about suppuration 
or liquefaction but results rather in scar 
formation similar to keloid. Sweitzer and 
Winer, by study of frozen sections using 
stains for fat and injecting saccharated 
iron (1 %) into lesions, were unable to note 
any excessive presence of fat or iron gran- 
ules in phagocytic cells, as mentioned by 
Senear and Caro. They agree with Stecker 
and Robinson that the histiocytes reported 
are probably wandering phagocytes and 
that the tumor itself is not a histiocytoma, 
Urbach and Hill likewise rejected the 
histiocytoma cutis concept for these le- 
sions and thought their evidence favored 
tlie classification of these lesions in the 
category of a new local lipoid dermatosis 
“imbibitio lipoidica collageni degenerati 
cutis.” 

Arnold and Tilden studied 27 lesions 
and 23 patients. They concluded that 
histiocytoma cutis is a tumor resulting 
from sharply localized proliferation of 
cells which have the ability to, and usu- 
ally the opportunity to, phagocytose lipids 
or other foreign material and are tlierefore 
of reticulo-endothelial system origin. Cells 
invade, damage and displace normal der- 
mal collagen instead of producing new 
collagen. It is related to xanthoma group 
and not fibroma. Like .xanthoma, it is 
I)robably related in some way to type of 
metabolic disturbance observed in dia- 
betes mcllitus. Histologic study is needed 
to difl’erentiate from fibroma. The\' oc- 
cur in women and men in a proportion of 
5 to 1. Age and race are not important 
factors. About 50 Cr of the cases had a 
close relative with diabetes. Of 22 cases, 
15 gave a positive reaction for fat to the 
Sudan HI stain. No typical foam cells 
were found e.xcept in 1 lesion. In 7 cases 
some cells resembled foam cells. 

OJI Tinnars. In 1920 Mook and Wan- 
der””” described the occurrence of painful 
tender slowly-growing tumors in 0 pa- 
tients who had been previously subjected 
to serious operations and had received 
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camphor in oil injections as a stimulant. 
Since then numerous studies of the tumor 
response to the injection of oils have ap- 
peared; Stokes;-^®* Burrows and Johns- 
ton;^^ Sutton;-** Weidman and Jeffries;*-' 
Jorstad and Glenn;’** Bur^o^Ys and Jor- 
stad;” Rosser and Wallace;*** Conrad, 
Conrad, Jr., and Weiss." These tumors 
induced by various oils (including liquid 
petrolatum', linseed oil, corn oil, sesame 
oil) are not in reality neoplasms, but repre- 
sent foreign body reactions to the oil. 

Hemangio-cndothclioina. The designa- 
tion hemangio-endothelioma (Mallory*''®) 
has been loosely applied to identify tumors 
showing similar clinical features but with 
variable microscopic findings. Sweitzer 
and Winer*"* (1936), in their report of 
6 cases and review of the literature, de- 
fined it as a tumor which may occur on 
almost any part of the body. Its size 
may vary from that of a pea to that of 
an orange. It is usually dark red and 
moderately soft and may or may not be 
surrounded by satellites. Some of their 
patients presented a large tumor. The 
neoplasm often ulcerates on trauma and 
bleeds profusely. It infiltrates and can 
attach itself to underlying tissue and bone 
or to the overlying skin. According to 
its site of development, it may at times 
form a pedunculated tumor. It is not 
tender and is not painful when manipu- 
lated. 

Histologic structure: The tumor was 
considered in 3 related zones, each gradu- 
ally fusing into the other without any 
definite line of demarcation. By this 
schematic metlrod the explanation of the 
histologic pictiu-e is simplified. In the 
center of the mass are mature structures; 
progressing toward the periphery, the 
vessels graduallj’^ become more immature. 
Thus the central core consists of capillar- 
ies filled with blood. Surrounding this 
central core are solid cords or strands of 
cells which are in the process of forming 
lumens, while on the extreme outer border 
or periphery of the tumor are irregular 
masses of cells showing no features of 
differentiation. The individual cells are 


large and exliibit a clear cytoplasm and 
a nucleus that is small in comparison with 
the size of the cell. These cells are en- 
dothelial cells but cannot be recognized 
as such except when an embryologic 
capillary with a lumen is formed. Natur- 
all3q man^' cases varj"^ in various ways 
from tins description. 

Stout*"' required the presence of numer- 
ous atjqjical endothelial cells in excess of 
the number needed ' to line the vessels 
with a simple membrane and also the 
formation of vascular tubes with a deli- 
cate framework of reticulin fibers and a 
marked tendenej’^ for their lumens to 
anastomose. Hemangio-endothelioma is 
to be differentiated from hemangioma, 
vascular sarcoma, granuloma pjmgenicum 
tumors and Kaposi’s disease. 

Caro and Stubenrauch" in their careful 
report regard malignant vascular tumors 
as a rarity and think that the literature 
suggests that a large proportion of such 
malignant tumors belongs to the group of 
hemangio-endotheliomas. Diagnosis is not 
possible on clinical grounds alone, but 
depends on the demonstration of typical 
histologic changes (masses of atj^jical 
endotlielial cells and vascular tubes, lined 
bj' several laj'ers of endothelial cells and 
have a tendencj' for their tumors to 
anastomose). These authors produce a 
convincing summary of evidence indicat- 
ing that trauma is an important factor in 
the production of these lesions. 

Von Recklinghausen’s Disease {Neitro- 
fibromafosis). Von Recklinghausen's dis- 
ease is a process of varied clinical char- 
acter. Its most frequent and almost 
constant feature is the presence of mul- 
tiple cutaneous tumors (molluscum fibro- 
sum), which vary within wide ranges m 
extent and size. These lesions do not 
show evidence of localization correspond- 
ing to that of the peripheral nerves. In 
addition, pigmentarj^ disturbances of the 
skin are numerous and frequently precede 
the appearance of the tumors. These 
appear as various sized macules an 
plaques. There may be tumors of t e 
central and peripheral nervous sj'stems 
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and of the viscera, associated anomalies 
of bones and possibly endocrine dis- 
turbances. Low standards of physical 
and mental standards have been reported 
by various writers (Charpentier;®^ Ormsby 
and Montgomery;^'® Levin and Belm- 
man).'®' Based on histologic evidence, 
many authors (summarized by McNairy 
and Montgomery)'®® have described the 
presence of nerve fibers in lesions of the 
peripheral nerves. The histologic picture 
of cutaneous tumors is less definite. They 
are sharply circumscribed and have a 
structure distinct from that of the adja- 
cent cutis. They are described as being 
composed of peculiar nucleated bands of 
pale, fine, spindle shaped fibrillas resem- 
bling those seen in nerve tissue. The 
absence of elastic tissue has been observed. 
The presence of nerve fibers has been re- 
ported by some authors and denied by 
olhcrs. McNairy and Montgomery have 
collected the literature on this point. 
B'jcause of the uncertainties regarding the 
presence of nerves in these cutaneous 
tumors, McNairy and Montgomery re- 
ported on a histologic study of the prob- 
lem based on 15 cases and on a search 
for nerve fibers by Bodian’s method of 
staining.'®® In 12 cases, non-mcdullatcd 
nerve fibers were clearly demonstrated. 
This supports the thesis that these lesions 
are true neurofibromata whicli arise from 
the peripheral nerves and their support- 
ing structures and that these nerve fibers 
are peripheral extensions of the nerve 
bundles which have been included in the 
expanding nerve sheath tumors. The 
cutaneous tumors of von Recklinghausen’s 
disease thus may be said to have a specific 
histologic architecture and are thus read- 
ily distinguished from otlier cutaneous 
tumors or from the tumor-like macular 
atrophy of Schweninger and Buzzi. Pig- 
mented macular lesions (2 studied) showed 
no histologic evidence of an underlying 
neurofiliromatous structure or of an in- 
crease in nerve fibers. 

Thannhauscr-®^ recently presented an 
exhaustive study and revaluation of tlie 
apparent relations of neurofibromatosis 


(von Recklinghausen) and osteitis fibrosa 
cystica. On the basis of reports of simul- 
taneous occurrence of nodular cutaneous 
neurofibroma, pigmented areas of the skin 
and osteitis fibrosa cystica in a single 
patient, a relationship between neuro- 
fibromatosis and osteitis fibrosa cystica 
is suggested, since the occurrence of these 
symptoms of 2 rare diseases in 1 person 
cannot be mere coincidence, according to 
Thannhauser. Fibrocystic involvement of 
localized areas of the skeleton, especially 
the long bones, occurs in neurofibromatosis 
together with cafe an lait spots and cuta- 
neous neurofibromas. Altliough micro- 
scopic examination of the osseous fibroma 
does not reveal nerve structures within 
the fibroma, whorls of spindle cells are 
occasionally found and may be thought 
to reflect its neurofibromatous origin. 
Thannliauser believes that hyperpigment- 
ed areas are the expression of underlying 
neurofibromatosis even without the ap- 
pearance of neurofibromatous nodules. 
The presence of similar endocrine symp- 
toms, especially the concurrence of pre- 
cocious puberty and pigmented blotches 
of the skin in neurofibromatosis and also 
in osteitis fibrosa cystica disseminata offers 
additional corroboration of the belief that 
the 2 disturbances are related. This sug- 
gests that the anatomic structures which 
underlie the endocrine symptoms in cases 
of simple neurofibromatosis are the same 
as those of osteitis fibrosa cystica dis- 
seminata (von Recklinghausen). 

Cutaneous Neuroma. This e.xceedingly 
rare lesion has been tlie subject of study 
by Ludy'®® and by ^Montgomery and 
O’Leary.®®® This type of tumor is a lesion 
which contains abnormal growth nerve 
elements and has its location and devel- 
opment in the true skin. They are dis- 
tinct from the nevi containing lesions of 
von Recklinghausen’s disease. Tlie nod- 
ules are painful and may be incorrectly 
diagno.'^ed as some granuloma such as 
tuberculosis clinically. ^lontgoinery and 
O Ix?ary carefully reviewed tlie literature 
on this subject and described a heretofore 
unrecognized process which they called 
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multiple ganglioneuroma of tlie skin. 
The disease consisted of discrete, firm, 
yellowish papules or nodules of from 
1 mm. to 1 cm. in diameter. During 
their development the reddish brown color 
of the lesions suggested sarcoid or tuber- 
culid. The lesions first appeared on the 
buttocks, later spread to the trunk and 
extremities. The healing of lesions was 
followed by the development of new le- 
sions. The entire disease had left the 
patient without a trace within 3 years. 
Histologically the condition was charac- 
terized by the presence of numerous large 
pale staining ganglion cells. 

Kaposi’s Disease {Mvliipic Idiopathic 
Hemorrhagic Sarcoma). In 1S72 Kaposi 
described the process now generally called 
Kaposi’s sarcoma which he called multiple 
idiopatliic pigmented sarcoma at first, and 
later multiple idiopatliic hemorrhagic sar- 
coma. Excellent recent publications deal- 
ing with this subject are those of Ddrffel;'® 
hlacKee and Cipollaro;^^-" Becker and 
Thatcher;-^ Symmers;-®® Aegerter and 
Peale;® Nesbitt, hlark and Zimmerman;*'® 
Sachs and Gray.*^ 

A concise description of tlie lesions of 
this disease is given b}' Aegerter and 
Peale® as follows: 

“The disease is most commonij'- primary 
in the skin, though the primar 3 ' process has 
been reported in almost all parts of the 
bodj'. It was the cutaneous tj'pe which 
Kaposi described. The lesion usuallj" begins 
as a reddened macular area on an extremitj% 
most common^ a lower extremity. The 
edges are usuallj' definite but there is no 
characteristic shape. The macule varies 
greatty in size, depending on how long it 
has been present. As the lesion progresses, 
the color of the involved area darkens, 
becoming first dusky red, then bluish and 
finallj' brown or black. This change of 
color is understandable after microscopic 
stud}' of the lesion. At first there is an 
increase in the supply of blood to the part 
through the cavernous vessels. At this 
time the area is li%'id. But as the cellular 
elements of the tumor increase, there is 
stagnation of the blood, and finally hemor- 
rhage with rather remarkable pigmenta- 


tion, which probably results from the dis- 
integration of the blood. The involved area 
soon becomes ^evated and in the early 
stages resembles a varicosity. As the tumor 
ages, becoming more cellular and less vas- 
cular, it becomes firm, and its appearance 
is that of a true neoplasm. The lesion 
rarely regresses spontaneously, although it 
may remain stationer}' for months. Healthy 
areas of skin proximal to the lesion may 
soon become involved. The older lesion 
may fade out, become keratinized and pre- 
sent a scaly surface. The subcutaneous 
tissues become infiltrated, and the l}'m- 
phatics are frequently blocked, causing an 
immense edema, even elephantiasis, of an 
extremity. Sometimes the lesions are pru- 
ritic, and traiuna may cause them to bleed 
freely. Sooner or later, lesions usually 
appear in the ^'isce^a. Some writers believe 
these to be spontaneous multiple primar}' 
growths because they are able to find all 
the stages of development in these lesions. 
If we accept the opinion that this disease 
is cancer from the outset, and such is our 
premise, we may regard these seconder}' 
lesions as metastases, following the usual 
course of cancer. Death may occur from 
infiltration of the lungs, the liver or the 
spleen but by far the most common sequence 
is metastasis to the intestinal mucosa with 
ulceration causing hemorrhage and ex- 
sanguination. Klien the tumor is primar}' 
in the wscera, it is usually not found in the 
skin. . . . hletastasis to l}'mph nodes 
is not general, but it occurs, and the meta- 
static lesions reproduce the primar}' cellular 
picture. 

“If sections are made of the ver}' early 
lesions in the skin, the microscopic picture 
is that of cavernous hemangioma. The 
sinuses vary in size and shape, they contain 
blood and the}' are lined by normal appear- 
ing endothelial cells. No perithelial cells 
could be distinguished in any of our slides. 
As a lesion progresses, it is seen to penetrate 
into the surrounding normal tissues, split- 
ting muscle bundles and infiltrating the fat. 
This is seen in the ver}' early lesions. The 
sinuses are less perfectly formed at this 
stage, and they are surrounded by masses 
of fusiform cells without pattern, the nuclei 
of which are indistinguishable from those of 
the endothehal lining cells. A little later 
the sinuses become indistinct and are ^epr^ 
sented by spaces which are filled with blood. 
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There are hemorrhage and considerable red 
cell degeneration, as shown by the quanti- 
ties of pigment which take the iron stain. 
The endothelial lining is now almost indis- 
tinguishable, and there is an apparent transi- 
tion of the endothelial into the fusiform 
cells. The latter cells proliferate to foiTn 
masses, some of which are quite avascular. 
Sections through these areas are easily con- 
fused .with fibrosarcoma or even neurogenic 
sarcoma. These solid masses occopj' the 
corium, pushing upward to flatten the 
papillffi, causing thinning of the epidermis. 
It is these masses that give rise to the 
nodular gross appearance. By this time 
there is usualty an inflammatorj’' reaction, 
as shown by an infiltration of lymphocytes, 
plasma cells and a few macrophages. This 
may be accounted for by the hemorrhages. 
Differential stains give the staining reaction 
of young fibrous tissues. In some tumors 
these cells show definite malignant charac- 
teristics. In some instances the solid cell 
masses have the appearance of endothelioma. 
Tlie cells are polyhedral and arranged in 
sheets about irregular sinuses, some of 
which contain erythrocytes. 

"Tlie duration of the disease varies from 
8 months to 25 years although in the major- 
ity of instances the process terminates after 
5 to 10 years. In a few cases it has been 
reported to have regressed, with the patient 
remaining free of sj'mptoms for a number 
of years. We are tempted to question the 
diagnosis in these cases since by far in the 
majority of over GOO reported cases the dis- 
ease was progressive, though sometimes 
remittent in character.” 

Tlic nature of this disease has been 
considered to be sarcoma, granuloma of 
nerve tissue or a blood-vessel and lympli 
vessel disorder of the nature of angioma, 
hamartoma, connective tissue prolifera- 
tion with vascular dilatation, prolifera- 
tion of .sympathetic ])erivascular nerve 
fibers, or retieulo-cndothelial system dis- 
ease with a disturbajiee in its inonocyto- 
genic function. Becker thought that tlie 
most logical e.xphinalion of Kaposi’s sar- 
coma was that it is a nmlticentric benign 
neoplasm originating in the pcrithelial 
tissue from embryonic me-scnchymal cells 
(lymjflioeytoid cells of Marchand), which 
results in a tyjjc of cell growth unique for 


tlie disease. Aegerter and Peale thought 
it was a vascular cancer. S^unmers 
thought that the unit of growth in the 
cutaneous nodules of Kaposi’s disease is 
the fibroblast. 

Becker lists 36 synonyms for the dis- 
ease. The cause of the process is un- 
known. It is presumed to be a toxic or 
infectious substance which acts on the 
vascular system with resultant inflamma- 
tory reaction, vascular dilatation and 
subsequent proliferation of tlie vascular 
wall elements. Dillard and Weidman”^ 
found fungi resembling Achorion schocn- 
Idnii in the lesion, but did not believe 
them to be pathogenic. Greco^®® found 
an organism of the cryptococcus type. 
The relationship of this to the origin of 
the disease is unproven. The disease 
occurs chiefly in Italians and Hebrews. 
Ellis®® reported a case in an American 
Negro. It occurs chiefly in persons be- 
tween 50 and 70 years of age. Men are 
the chief sufferers. In addition to the 
cutaneous lesions there may be lesions in 
the gastro-intestinal tract, liver, lungs, 
abdominal lymph nodes, spleen, pancreas, 
kidneys, suprarenals, testes, epididymis, 
trachea, tlijToid, bronchi, pleura and 
heart muscle. The nervous system is 
rarelj' affected but Nesbitt and his co- 
workers reported lesions in the brain. 

Nevi. Nevi are, in the broad sense, 
any congenital circumscribed new growth, 
but the term is commonly used as sy- 
nonymous for ordinary cellular nevus 
(mole). In a learned paper IMcirow.sky'®* 
discusses the inheritance of nevi and other 
malformations of tlie skin; he concludes 
that man has become prone to nevi and 
malformations of the skin by the factors 
both of domestication and phylogenesis. 
A convenient classification of the various 
types of nevi is tJiat of Traub:®^'® 

I. Y.\scui.An Nevi. 

A. Am/.'? vasculo^ii.’i (liyperplasia of 
blood-ve.«sels). 

1. Flat (capillary-). Example: nc^s 

araneus of nems fiammeus. 

2. I?.ai=ed (capillar\-). Example: an- 

gioma. 
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I. Vascular 'N'Bvi.—(Conlinved). 

3. Deep (capillar}’^). Example: cav- 
ernous angioma. 

B. Nevus lymphangicdodcs. 

C. Nevus vasculosus ct lymphangicc- 

todes. 

D. Heterogeneous vascidar 7}euus. Ex- 

ample: combination of the above 
types in the same mark. 

II. Pigmented, Hairy and/or Warty 

Ne-iu. 

A. Intra-epidermal nevus (no nexnis 

cells). ]May terminate in basal 
cell or squamous cell epithelioma. 
Possible examples: 

1. Ne^ms verrucosus (hard). Ma 3 ' 

also present some hairs or pig- 
mentation, and frequentb' has 
a linear configuration. 

2. Verruca senilis or keratoma sen- 

ile. Generali}' becomes basal 
cell epithelioma if a change 
takes place at all. 

3. Dermatosis papulosa nigra. 

B. Epidermo-dermal nevus (junction 

tj'pe ne\'us). Ne\'us cells pres- 
ent. Maj' terminate in melanoma 
(nevocarcinoina). Example; Ne- 
xTis pigmentosus. Maj' rarelj' 
also present a few fine, or sparse 
coarse hairs or have a soft wart}' 
surface. 

C. Intradermal nevus (ne^nis cells pres- 

ent). Benign alwa 5 's, if pure 
tjqie. Example: Ne^'us pigmen- 
tosus et verrucosus et pLlosus. 
Alwa}'S soft and warty in char- 
acter — not hard. 

D. Blue nevus (cells of dififerent shape 

than in preceding types). Maj' 
rarelj' terminate as melanosar- 
coma. 

E. Heterogeneous pigmented nevus or 

combination or mixture of two or 
more of the above tjqjes (nevus 
cells present). Maj' terminate as 
basal cell or squamous cell epithe- 
lioma, as melanoma or melano- 
sarcoma. 

III. Nevi of Special Tissue. 

A. Glandular (sudoriparous gland ne- 

vus, sebaceous nems). 

B. Connective tissue. 

C. Fat tissue—nevns lipomatodes. 

D. Nerve nevus.. 

E. Heterogeneous type. 


V ascidar Nevi. Vascular nevi have been 
discussed in a number of papers (Lister;’®* 
Vohwinkel;”^ Touraine and Bupperat;®'” 
Ougliterson and Tennant.’’^” The reader 
is referred for a complete discussion of 
the question of spider angioma (Ncevus 
arancus) to the excellent monograph by 
Bean." 

Pigmented Hairy andjor Warty Nevi. 
Traub in 1941 described in some detail 
the clinical features of the nevi mentioned 
in his classification. The intra-epidermal 
ne\ms consists of lesions that lie entirel}' 
within the epidermis and are formed by 
proliferation of a mixture of normal 
prickle and basal cell tj'pe epithelial cells. 
There are no ne\ms cells. Clinicallj' the 
lesions appear to be superficial, contain a 
v’ariable amount of pigment, and may 
assume a linear configuration. Thej' 
rarelj' terminate in cancer. E\ndentlj' 
Traub is using this term for what we 
commonl}' speak of as seborrheic verruca 
or senile keratosis. Waisman and Mont- 


gomerj',®^® in their discussion of verruca 
plana and epithelial ne\ms, used the latter 
term for verrucous and papillomatous ne^’i 
which were first systematical!}’’ classified 
by Unna, under the designation “hard 
nevi,” in which group he included circum- 
scribed warty protuberances with the 
microscopic appearance of purely epithe- 
lial thickening. Uima described the le- 
sions as being clinically hard, flat, pmk 
to gray or dark brown and of variable 
size, from that of a lentil to that of a 
pea, the surface being rough or finel}' 
granular. Histologically, he distinguished 
3 D^pes, determined by the site of epithe- 
lial proliferation, as the keratoid, the 
acanthoid and tlie mixed or combination 


form. Of Unna’s 3 types, 1 or possibly 2 
were verruca senilis, a lesion which may 
be a delayed epithelial ne’\us with dis- 
tinctive histologic picture. Examination 
of certain epithelial nevi, of both^ the 
circumscribed and the linear form, indi- 
cates that pathologic changes may b^ 
present which are practically identica 
with those present in epidermodysplasia 
verruciformis. The vacuolar protoplas- 



DERMATOLOGY AND SYPHILOLOGY 


493 


mic abnormality which each form mani- 
fests indicates the essential nevoid struc- 
ture - common to them. Under the 
designation "mole,” Traub regards a 
cellular nevus characterized histologically 
by the intracutaneous arrangement of 
nevus cells in special configurations (nests, 
bands and strands). Nearly all such le- 
sions show the presence of a variable 
amount of melanin pigment both clini- 
cally and histologically, but this item is 
not obligatory. These ^owths may be 
present at birth or appear shortly after 
birth or later in life. From a clinical 
standpoint there are all sorts of transi- 
tions between various types of nevi. This 
complicates the problem because it brings 
up the question of possible transitions in 
type between the epidermodermal and 
intradermal nevi. The junction type 
clinically (Traub) "is the relatively flat 
or slightly raised smooth pigmented mark 
that is devoid of coarse hairs. Hairs are 
usually entirely absent, but fine (lanugo) 
liairs or occasional coarse sparse hairs 
maj' be observed both clinically and histo- 
logically. As a rule, the hairs are never 
a striking feature, as most of these 
marks are described as devoid of hairs. 
The surface is usually smooth, but as the 
lesions get older or take on added grovdh, 
they may develop an irregular or even 
soft verrucous or fungating surface. Tlie 
size may vary from a tiny mark no larger 
than a pinhead to one of considerable 
dimension, but the largest marks that 
I have so far encountered have not l)ecn 
over 3 to 4 cm. in diameter and tlie 
majority do not exceed 1 to 3 cm. in 
diameter. They are found most com- 
monly on the extremities and the face — 
le.ss frequently on the trunk— but they 
may occur anywhere. On the trunk tlie 
most frc'ciuent location seems to be the 
tipper back (shoulders) and the next the 
abdomen.” 

Traub and Iveil'® define the histo- 
logic features of the “common mole” as: 

'• 1 . Intra-ojtidermal nevi lie entirely with- 
in the eiiidenni'i and ]wesent a proliferation 
of nonnal epithelial cells, a mixture of 


prickle and basal cell type, not referred to 
as nevus cells. They maj’’ or may not be 
pigmented. They rarelj’^ terminate in cancer. 

“2. Intradermal nevi are probably the 
most frequently encountered lesions and 
are characterized by the occurrence of nexnis 
cells arranged intracutaneously in nests and 
strands. The cells are of the mature type, 
and to become malignant they revert to 
the embryonic t3’’pe. Pigment is generallj’- 
present in varying amounts. Cancer of 
malignant melanoma rarelj'', if ever, occurs. 

“3. In junction type nexois (Satenstein) 
or borderline melanoma Becker stated: ‘The 
process may be interpreted as hyperpigmen- 
tarj’- due to an increased number of melano- 
blasts at the epidermo-dermal junction.’ 
The cells are not separated from the epi- 
dermis, as in the intradermal nety, in which 
the ne\ms cells are seen in nests or strands 
usualty detached from the epidermis. The 
cells in this type are of the embrj’-onic (ana- 
plastic) type, and the lesion constitutes the 
forerunner of the malignant melanoma. The 
criteria necessarj' to decide whether a junc- 
tion ne\Tas has definitely become a malignant 
melanoma require careful consideration of 
both the clinical picture and the course of 
the lesion, as well as a minute study of the 
histologic changes. Lesions are encountered 
which clinically seem innocent and which 
apjmrentl}’’ pursued a benign course as long 
as we have been able to keep the patient 
under observation. But the reports on 
slides studied in these cases bj' various 
pathologists show great differences of opin- 
ion. If a report of malignant melanoma 
had been accepted in such cases without 
due consideration of the innocent clinical 
course, great harm might have been done. 
We believe that the clinical criteria for 
malignant melanoma have been sufficienth- 
stressed so that it would be superfluous for 
us to restate them, but the histologic grounds 
or basis for such a diagnosis certainly seem 
less clearcut. 

"It appears logical that the following 
points are necessarj- for the diagnosis of 
malignant melanoma: (1) ‘trickling off’ and 
segregation (devolojnnent of theques) (one 
of the principal changes and found without 
difficult \*), (2) the presence of clear colls, 
which maj' resemble the Paget cells, (3) 
mitotic ficurcs (gcneralh* readih- found), 
(4) chronic inflammation. Tlie more evi- 
dent each of these changes appears in the 
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section, the more certain one maj^ be of the 
malignant nature of the growth. 

"4. The combination type ne^n^s repre- 
sents a combination of Tj^pes 1, 2 and 3. 

"5. The blue nevi (slate blue or gra 3 ush 
blue), which are chieflj' found as isolated 
lesions on the face and dorsum of the hands, 
have no relation to melanoma. The color 
is apparent^ determined by the number 
and depth of the melanoblasts. It must be 
emphasized that the name blue nems should 
be restricted to pigmented growths com- 
posed of a peculiar tj'pe of connective tissue 
cells apparentlj' capable of forming melanin; 
that so far as the literature and our limited 
observations are concerned these spots are 
benign in their course, that that diagnosis 
on the basis of color alone is unreliable, as 
other lesions, such as the melanoma and 
the ‘common mole,’ maj’ reveal similar 
shades of blue. In rare instances an ordi- 
nary intradermal mole may show clinical 
features apparently indistinguishable from 
those of the blue ne\T.is; this phenomenon 
is apt to occur when the nests of nerms 
cells and their accompanjdng pigment are 
separated from the epidermis by a wide 
stretch of inters'ening connective tissue. It 
is interesting that a number of cases have 
been recorded in which the characteristics 
of an ordinary mole were associated more 
or less intimatel}" with those of the blue 
nerms of Tieche. This represents another 
example of a combination of nevi. It has 
been claimed that blue nevi maj" terminate 
in sarcoma, but such a change must be rare 
indeed, for Satenstein, Becker, Peck, Euing, 
Wood and Fraser have not seen examples 
of it.” (Blue neims will be discussed below.) 

Montgomery and Kernohan^®® made an 
intensive studj^ of pigmented nevi. The 
ne^uls cell of the common ordinarj'^ pig- 
mented nevus has been maintained b^' 
various authors to originate from single 
and from multiple sources. Origin from 
basal or dendritic melanoblastic cells 
in the epidermis (Kissmejmr; Miescher; 
Perin), mesodermal origin from connec- 
tive tissue cells of various tj'pes, including 
also origin from the adventitia of "the 
blood-vessels (Stoeckenius), origin from 
tlie Ij'mphatic endothelium, multiple neu- 
ro-epithelial points or origin from “ celules 
'claires” in the epidermis, cells of Schwann 


sheatlis, neuroid tubes and true nerves 
in the deeper part of the cutis (Foot; 
Masson; as well as from peri-endo- 
neural endothelium of the skin (Feyrter) 
have been included. Close relationship, 
if not even origin, of neims cells from the 
walls of hair follicles, from sebaceous 
glands and even from the endothelial 
cells of the intima of the blood-vessels 
liave all been described (Ebert; Cans; 
John; McCarthj'-). Since Masson’s articles 
an increasing number of pathologists have 
tended to accept multiple neuro-epithelial 
points of origin for the nerms cell (Becker; 
Ewing; Foot). 

Recentlj’^ John described a "drop” cell 
in the middle layers of the epidermis 
which he called a stalagmocjde. He dis- 
tinguished this from the Langerhans cell 
and the dendritic cell and assumed that 
stalagmocj'tes plaj' an important role in 
the formation of nevi. Multiple and 
varied clinical and histologic classifications 
of different types of true nevi are given 
in recent articles in the literature, most 
of which also include extensive reviews 
of Masson's theorj' and other theories 
regarding the origin of nevi (Becker; 
Broders; Ebert; Foot; Laidlaw; Traub; 
Zeisler). 

Montgomery and Kernohan studied a 
group of 460 nevi in which ordinarj^ nerms 
cells (histologicalty) with special refer- 
ence to the neuro-epithelial origin of the 
nevus cell as advocated bj”^ Masson and 
also in regard to diagnosis, prognosis and 
treatment. Various special nerve and 
trichrome stains and also stains for pig- 
ment reticulum fibers, etc., were emploj'ed 
for manj^ of the nevi. In onlj' 11% 
there evidence of lames foliacies. Origin 
of nevus cells from the epidermis was 
demonstrated in a majority of cases. In 
manj’’ instances the nevi apparently arose 
from cellules claires, but in others from 
basal or dendritic cells. The question is 
raised as to whether cellules claires maj' 
not represent altered forms of basal or 
dendritic cells. The histologic endence 
would support Unna’s older conception o 
epidermal origin against Masson’s con- 
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ception of neuro-opithelial origin of the 
nevus ceil. Ceiiuies claires can be identi- 
fied readily in formalin-fixed sections 
even with hematoxylin and eosin stain 
but better with Masson trichrome stain. 
Distinction between fine strands of mel- 
anin pigment in dendritic processes of 
melanoblastic cells and true nerve fibers 
in the epidermis may be exceedingly 
difficult as silver stains all stain melanin 
pigment. 

The many cases of superficial flat nevi 
and lentigines in which histologically nevus 
cells are present and in which there is no 
increase in cutaneous nerves or nevus 
cells deeper in the cutis, would tend to 
refute a neuro-epithelial origin for the 
nevi. This is especially true if the cellules 
claii’es ai’c regarded as melanoblastic cells 
rather than modified tactile cells of 
Merkel-Ranvier. On the basis of our 
studies we are strongly inclined to support 
Unna’s old concept of an epidermal origin 
for the majority of the nevi, admitting 
a nerve origin for about 15% of the 
cases in which lames foUacces are present. 
Just as we sec multiple types of nevi in 
the same individual, so multiple points 
of origin for the nevus cell miglit be 
expected, inasmuch as we are dealing 
cssentijilly with a malformation. In our 
scries of 4G0 nevi, 1 instance of apparent 
origin of nevus cell from sebaceous cell 
was seen and in several instances, nevus 
cells apparently were intimately con- 
nected with, if they did not arise from, 
the endothelium of the capillaries of a 
hemangioma. 

The question of malignant change in 
pigmented nevi merits discussion. Super- 
ficial nevi (so-called junction nevi) in 
which collections of malignant-looking 
nevus cells are limited to the upper por- 
tions of the cutis or occur as intra-cpi- 
dcrmal nests (thequrs) and in which the 
condition is suspected histologically of 
being early melnno-t'jfithelioma usuallv 
olTer a good prognosis. These nevi should 
be distinguished from eases of frank mel- 
anoH'pithelioma in which the prognosis 
is almo'Jt iiivari.ably serious, at least 


almost invariably so when there is histo- 
logic evidence of invasion of the lym- 
phatics by the tumor cells. 

Pigmented nevi should not be confused 
with blue nevus or tvith verruca senilis. 
Pigmented nevi, whether superficial or 
deep, papillomatous or verrucous, or 
slightlj’- to deeplj’’ pigmented, need not 
be removed except for cosmetic purposes 
unless they are subject to repeated trauma 
and irritation. Surgical excision is the 
method of choice. Partial removal of 
superficial fulguration, electrolysis, the 
use of solid carbon dioxide or caustics, 
although apparently satisfactory in the 
hands of many dermatologists, in our 
experienee have the potential danger of 
subsequent development of malignant 
epithelioma in a small percentage of the 
cases. Radium and Roentgen therapy 
in any form is to be condemned vigor- 
ously. 

Finally, as to nevi, Montgomery and 
Kernohan have stated that the nevus cell 
probably has multiple points of origin 
but that origin from the epidermis, 
as Unna originally emphasized, predomi- 
nates. Evidence of a neuro-epithelial 
origin with the presence of lames foliacc-cs 
occurs in 10 to 15 or possiblv as high as 
20 % of the nevi. Origin from the outer 
walls of hair follicles may be anticipated 
in view of the predominant epidermal 
origin. TJie rare instance of origin of 
nevus cells from sebaceous glands and 
an occasional intimate relationship of 
nevus cells to the endothelial cells of the 
capillaries are illustrated in this article. 

Ebert'* suggested that the cellular U'pe 
of nevus is formed from many elements, 
blood-vessels, histiocytes, connective tis- 
sue cells, nerve fibers and various other 
cells. The nevjjs cell is the unique ele- 
ment, and a study of its origin has been 
the. primary object of Ebert’s study. It 
is the parent cell of the malignant mela- 
noma. Grecnblatt. Pund and Bernard”*’ 
pre.seni a schematic outline of the histo- 
logic findings in the gradual transition of 
the benign nems to the malignant mela- 
noma. Arnold”'^ rep-rted a case of multi- 
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pie tardive pigmented nevi, unusual clini- 
cally in that the apparently mature lesions 
showed a tendency to central papule for- 
mation, and histologically in that these 
same seemingly mature lesions showed 
only beginning extension of nests of ne\ms 
cells in the corium. 

The Bhic Nevus. The blue ne\'us was 
first identified by Tieche-®* in 1906. This 
is a fairl5'^ frequently seen lesion in spite 
of the relative inattention which has been 
accorded it. For example, Becker^^ does 
not mention it in his valuable paper on 
melanotic neoplasms of the skin. Un- 
doubtedly it has been mistaken for early 
malignant melanoma because of the slate 
black color. It remained for Montgomery 
and KahleF®' to describe completely the 
process for the American literature and 
for Traub^''® to further indicate the rela- 
tive position of this benign groviJi among 
the various tj^pes of pigmented and hairy 
nevi. For details and for a summary of 
the literature the reader is referred to 
these papers; but the essential facts re- 
garding it have been summarized by 
Montgomery^®^* as follows (see also above) : 

“Blue Neitis. I believe blue ne\’us to 
be a relativel}’' common disease as I have 
encountered more than 100 typical cases. 

I believe that in the past it has been con- 
fused with rnelano-epithehoma and nevus 
pigmentosus. Blue ne\ms is a sharply cir- 
cumscribed, smooth, round or oval, indu- 
rated papule or nodule usuall3" varjdng 
from 2 to 15 mm. diameter, occurring most 
frequentty on the face and hands but to be 
found anyn'here on the bodjL The color 
varies from dark or mottled blue to blue 
black, blue gray or even steel blue. There 
usua% is a history of a sohtaiy lesion which 
either has been present since birth or de- 
veloped in infancy or earty childhood and 
which has remained as such without increase 
of size. Such a historj^ is diagnostic. Two 
or more lesions sometimes occur in the same 
case. Occasionallj’-, blue neU develop later 
in life, and, when the3' are steel blue and 
have increased in size, the3'’ may be indis- 
tinguishable clinicall3' from a melano-epithe- 
lioma. Wide excision and histopathologic 
examination then are indicated. 


“Blue neinis is characterized histopatho- 
logicaU3’^ b3^ well-formed, mature, dermal, 
dopa positive melanoblasts haUng long bi- 
polar dendritic processes laden with melanin 
pigment. Such melanoblasts are found in 
smaller numbers in so-called Mongolian 
spot. Mongolian spot is much larger than 
blue nesms and occurs as an ill-defined, 
bluish to mulberr3'^ colored or blackish 
plaque, usually in the ideinity of the sacrum. 
It is present at birth but usuall3" disappears 
in the third or fourth 3’ear of life. Blue nevus 
is a benign lesion and only exceptionaIl3’-, 
following repeated trauma and inflammation, 
does it undergo malignant change. In such 
cases it forms a true melanosarcoma rather 
than a melano-epithelioma." 

Connective Tissue Nevus. Steineu^^ in a 
scholar]3’' article reviews the knowledge 
of this rare neims. It is a lesion consist- 
ing of papules or lichenoid nodules ^^3-^- 
ing in size from a pinhead to that of a 
millet seed, and in color from snow white 
to brownish. The nevi are usually single. 
The3’^ are usualty located on the chest, 
usuall}'' the upper third. In almost all 
cases, the nevi attracted attention because 
of their s3^stemization, usuall3’’ in bands, 
sometimes in zosteriform arrangement. 
The3’’ are usually as3'mptomatic. Histo- 
logicalty there are epithelial changes in 
some of the cases; but the characteristic, 
and usualty the 0013', changes are in the 
cutis. Ail authors agree on the fact that 
there are changes, but there is disagree- 
ment as to the degree of involvement of the 
collagen or the elastic tissue, Steiner states 
that the changes are usuall3' homogeniza- 
tion and h3'pertroph3' and sometimes ap- 
parentty an altered arrangement of the 
collagenous tissue. There is elastorrhe.xis, 
elastoclasis and atroph3' of the elastica. 
Rarel3’’ there are atrophic changes of the 
collagen fibers. Collagenous and elastic 
tissue alterations can be observed in the 
same case or independently of one another. 
The changes are mostly in the upper cutis. 
These cases must be differentiated, espe- 
cially from lichen albus, scleroderma m 
bands, white spot disease and post-zos- 
teriform scars. Pseudoxanthoma elast'- 
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cum may be difficult to differentiate 
from fibrous ne\ms. 

Nevus Unius Laferis. Linear ne\ais, an 
interesting type of nevus known by a 
variety of names, has been the subject of 
numerous investigations. Pack and Sun- 
derland““ who have collated the important 
literature on the subject describe it as 
“ a papillary or verrucous congenital tumor 
having a unilateral or nearly unilateral 
distribution in linear streaks or bands fol- 
lowing the long axis of the limbs or 
extending transversely around the trunk. 
This unique disease is so striking that it 
is readilj'^ recognized as a distinct clinico- 
pathologic entity.” It is rare, these 
authors having found 4 cases among 
20,000 patients with tumors studied at 
the New York Memorial Hospital for 
Cancer and Allied Diseases (0.01 %), 

The cause and pathogenesis of nevus 
unius lateris are still unsatisfactorily ex- 
plained. The relationship of this process 
to the nervous system is still an unsettled 
question. It is probable from Pack and 
Sunderland’s work that the primary in- 
volvement is in the epidermis rather than 
the dermis. The matter of malignant 
degeneration of nevus unius lateris needs 
further study. 

A variety of unilateral nevus especially 
interesting to dermatologists is nevus uni- 
lateratis comcdonicus (nevus follicularis 
kcratosus of ^Yhitc), which Sweitzer and 
Winer studied.-*^" It is characterized by 
comedones unassociated with acne vul- 
garis, occurring in bands or groups. 
They are unilateral and in some cases 
accompanied by .suppuration and scar- 
ring. Sweitzer and Winer did not feel 
that this was a variety of sebaceous gland 
nevus. Histologically, this dermatosis 
shows markedly dilated follicles filled 
with a keratinized material with many 
cysts having their origin in the follicular 
wall. We have just encountered an c.\- 
qui^ite e.xnmple of this rare type of nevus, 
in a Negress, extending in the midline 
frmn the umbilicus to the pubis. 

Xt-ni-x(iiiiho-i'ndo!hdioma. This lesion 
has been ably discussed in a well-docu- 


mented paper by Lamb and Lain.”® 
Adamson® in 1905 reported a case before 
the Dermatological Society of London 
which was classified as “congenital xan- 
tlioma multiplex” in a child of 2-| years. 
The lesions were for the most part yellow 
in color, although some had a decided 
reddish tinge. One on the neck had the 
appearance of vascular nevus,- but on 
pressure showed a yellow base. Adamson 
also referred to a case of xanthoma multi 
plex developing from vascular pigmented 
nevi reported in 18S8 by Kabner, 

McDonaugh in 1909 and 1912 de- 
scribed multiple growths of the skin seen 
at birth or in early childhood which are 
characterized by their red angiomatous 
appearance at first, later developing a 
distinct yellow color and w'hich tend 
toward a spontaneous involution. They 
are nevi. Since primary tumor cell in 
histological studies is related to those cells 
which form the capillaries and because 
of the finding of the peculiar endothelial 
giant cells, he suggests that the tumor be 
called an endothelioma, though it is not a 
true endothelioma. 

Cases were reported by; Wise; Jacobi 
and Grand; Goldsmith; Dowling; Mc- 
Graw; Senear and Caro; Montgomery. 
Lamb and Lain report a case and conclude 
that nevo-xantho-cndothelioma, while not 
an accurate term, is fairly descriptive of 
a congenital malformation in which one 
encounters peculiar endothelial giant cells, 
as well as xanthoma cells, histiocytes and 
fibroblasts, with clinical spontaneous in- 
volution of the lesions in later childhood. 
Lamb and Lain’s case is peculiar because 
of apparent systemic involvement with- 
out e.xophthalmus, diabetes insipidus or 
membranous bone manifestations. There 
is a link between cutaneous xanthoma 
and Hand-Schullcr-Christian’s disease. 
The embryonal cell rest theory for forma- 
tion of this type of .xanthomata is stressed 
by Lamb and Lain. 

Osteoma Cutis. Variously known a.s 
osteoma cutis, osteosis cutis, o.stcomatosis 
cutis, cliondro-osteoma, miliary osteoma 
and various other designations, this tumor 
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is regarded by Vero, Machacek and Bart- 
lett®*^ in their scholarly paper as one of 
the rare developmental abnormalities of 
the skin: Osteomas are benign new 
growths composed of bone and osseous 
tissue; they occur in most organs, includ- 
ing the skin. Secondary osseous changes 
may occur in certain cases of syphilis, in 
ne^ms, in response to trauma, in sclero- 
derma, in acne \Tilgaris*®‘ and in multiple 
sebaceous cysts but the spontaneous 
(primary) variety is rare. Clinical diag- 
nosis is rarely made without biopsy, but 
Vero and his co-workers suggest that 
roentgenograms may be of aid in the 
diagnosis, as they may detect lesions 
which might otherwise escape inspection 
and palpation. These lesions appear in 
both sexes, especially on the scalp, fore- 
head, cheeks and chin. They may be 
solitary or multiple. The color, size and 
shape give no real clue to the nature of 
these ' lesions. It is only when bone 
particles spontaneously e.xtrude or histo- 
logic or Roentgen ray study is made that 
this true nature can be identified. 

Mesenchymoma. Tauber, Goldman and 
Barrett®®* described a case of a new type 
of primary tumor of the scalp. It was 
highly invasive locally and gave rise to 
metastasis in the ribs and kidneys. It 
was not an ordinary tumor, and, because 
the tumor cells were so young and so 
undifferentiated, the term "mesenchym- 
oma” was applied. 

Leiomyoma. These tumors have occa- 
sioned much interest in the past. For 
example, Stokes®’®' in 1923 described a 
case of nevoid hyperplasia of non-striated 
muscle of arrectores pilorum associated 
with nevus pilaris. Stout®®"® reported 
15 cases (7 in males) of solitary cutaneous 
and subcutaneous leiomyoma; none were 
diagnosed prior to biopsy. The origin of 
the smooth muscle in these tumors is 
the arrectores pilorum, the muscular appa- 
ratus in the depths of the skin or the 
muscles of the blood-vessel walls. They 
are of small size and grow slowly. Unlike 
the multiple form (mostly in males) the 
solitary form occurs equally in both sexes. 


More than half originate in middle or 
late life. The extensor surfaces of the 
extremities, the scrotum, labia, nipples 
or cheeks are the commonest sites. They 
are painless at first, but as they grow 
they become painful and tender. The 
pain is spontaneous or may be favored by 
fatigue, exposure or trauma. Contrac- 
tions of smooth muscle in the tumor may 
result in pain. Nerve fibers have been 
demonstrated by Cajal’s method. Most 
of the tumors are vascular or angioma- 
tous, although the vessel network is never 
rich. Only 5 of 70 reported cases showed 
malignant tendencies. The tumor is ele- 
vated, never pedunculated and does not 
discolor the skin. Diagnosis depends on 
histologic study. Surgical excision is the 
treatment of choice, bnt Roentgen ray, 
electrocoagulation or cautery have been 
successful. 

Myoblastoma (Gramdar Cell Myoblas- 
toma). While not generally considered 
among cutaneous tumors, myoblastoma— 
a tumor composed of immature skeletal 
muscle elements — has some interest to 
the dermatologist because of its resem- 
blance to xanthoma clinically and to car- 
cinoma of tlie tongue histologicallJ^ The 
first report of such tumors was that of 
Abrikossoff® in 1926. Since then a num- 
ber of reports have appeared and the 
more recent of Klemperer,**® of Horn and 
Stout,*®® and of Crane and Tremblay®® 
are worthy of study. 

Clinically these tumors are small (1 to 
2 cm. average), sharply circumscribed or 
encapsulated. They are benign but some 
may be poorly demarcated and irregu- 
larly penetrate the underljdng tissues. 
Some of the lesions may present ulcera- 
tion, some hyperkeratosis and others mal- 
ignant epidermal ' proliferation. The le- 
sions are usually solitary. Microscopically , 
the tumors are characterized by . large 
polyhedral cells, the majority being ir- 
regularly rounded, but transitional forms 
having a tear-drop or spindle shape may 
also be present. The most characteristic 
feature of the cells is the cytoplasm 
which is abundant, acidophilic and granu- 
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lar, not vacuolated. Lipoid stains give 
negative reactions. Longitudinal and 
cross-striations have been demonstrated 
in some cases. The nuclei are small and 
vesicular, centrally placed, round or oval 
and associated with numerous pyknotic 
forms. An interesting feature is the 
hypertrophy of the overlying epidermis 
noted originally by Keynes {Brii. J . Surg., 
13, 570, 1926) and emphasized among 
others by Klemperer. They occur at all 
ages and with equal frequency among 
males and females. About half the cases 
occur in persons less than 50 years of 
age. They are widely distributed over 
the body but especially in the tongue 
and mouth. They may occur at sites 
containing skeletal muscle as well as 
those free from this tissue. Excision 
usually effects cure. The nature of the 
tumor is unknown imt they are probably 
myoblastic or degenerative. 

Glomus Tumor. The first case of this 
interesting lesion was described in 1878 
by Kolaczek,'”' who called it angiosar- 
coma. j\Iasson’s original description of 
the glomus tuuror in 1924''® and Popoff’s®®® 
subsequent careful studies on the dis- 
tribution and alteration of the normal 
cutaneous glomus in peripheral vascular 
bed lesions stimulated interest in this 
subject. The first eases were reported 
in the American literature in 1934 by 
i\lason aiul Weil,’"*' and by Adair,® and by 
a Japanese in 1934 (Aisu'). This tumor 
has been variously called: angioneuroma, 
angiosarcoma, glomus tumoralis subungu- 
alis, Popoff tumors, tunrors glomique, 
tuineur du glomus, neuromyo-arttViel, 
subcutaireous painful tubercle, angiornyo- 
ircuromc, angiomyo-neuroma of IMasson, 
subcutam'ous glomal tumor, angioma peri- 
thelioma. false neuroma, glomangioinas, 
and neuromyo-arterial glomus. Good re- 
views of this suiqoct which have recently 
appeared arc those of Raisman and 
Waver"”’ Stout""^" Hurman and Gold;" 
Bailey Lewis and Geschickicr;’-^ Cole 
ami Snnibr' Jirka ami Seuderi;'®® Hval 
and Nelson Theisr"' Weidman and 
Wise;"" BergstraiuU’-'Freudenthai. Ander- 


son and Weber;®® Slepyan;®®" Radasch;®’^ 
Grauer and Burt;’®® Davies, Hellier and 
Kiaber;^® Ostrowski;®’® Slepyan;®®®^ and 
I^ve.’®® 

Glomus tumor is not common. Streit- 
mann®®’ was able to collect (1933) only 
21 cases which could be identified with 
this lesion definitely. Lewds and Gesch- 
ickter report dealt with 17 cases from 
Johns Hopkins Hospital since 1924. 
Mason and Weil collected 34 cases; Adair, 
10 cases; Stout, 11 cases; Bailey, 7 cases; 
Jirka and Scuderi, 70 cases, from tire 
literature including their case (1 case in 
7000 surgical specimens at Cook County 
Hospital); and various authors, 1 or 
2 cases. We liave encountered 5 cases 
among 2500 biopsy specimens from cuta- 
neous lesions studied in the Hospital of 
the University of Pennsylvania (1933-45). 
Although most parts of the skin may be 
affected, most of the tumors are located 
in the e.\'tremities and generally beneath 
the nails of the fingers and toes (more than 
50%, Bailey). They may occur on the 
genitalia of eitlier sex (Grauer and Burt). 

In about half of the tumors reported 
there was a previous history of trauma. 
The average duration of the lesions from 
the time of their appearance to the devel- 
opment of symptoms was 9 years. The 
tumors vary in size from 0.3 to more 
than 2 cm. in diameter. The smaller 
lesions are usually subungual, wliile the 
larger are present in easily distensible 
tissue. The variable size and pain de- 
pend at times on whether or not the 
tumors are \mder pressure. Alost of the 
ca.ses present a liistory of excruciatingly 
painful crises with radiation of the pain. 
All the subungual tumors are painful and 
sliglit brushing of tlie affected finger by 
the clothes or other slight pressure would 
be sufficient to produce a painful crisis. 
Scraping of the nail to great thinness 
was found to re<hice the amount of pres- 
sure and diminish the pain (Raisman and 
Mayer). Tumors located in the soft tis- 
sues, such us the arms, legs and genitals, 
are painless. The pain is probably due 
to pressure and not entirely to a dis- 
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turbance of the sympathetic nerves since 
periarterial sympathectomy did not give 
relief (Burman and Gold). 

Although the majority of the tumors 
occur singly, Weidman, Bergstrand, Stout 
and others reported cases of multiple 
tumors. The second case reported by 
Bergstrand offers the additional observa- 
tion that there was a diminished density 
of the bones of the foot in which the 
multiple tumors occurred, which resem- 
bled multiple cysts. The tumors in his 
case occupied an intra-osseous position. 
This occurrence had not been reported 
previously, though others had observed 
rarefaction of the phalanges, as observed 
by Roentgen rays, at the site of the 
tumors. The pressure exerted by the 
expansile tumor is probably the cause of 
the demineralization of the contiguous 
bone. This appears to be a form of 
pressure atrophy (Grauer and Burt) 
rather than an atrophy of disuse, as was 
suggested by Stabins. 

Grauer and Burt review the physiologic 
properties of glomus tumors. Systematic 
attempts to determine whether vasomotor 
reactions are associated with glomus tu- 
mors were made by Stabins and his associ- 
ates.^®® They made local temperature 
studies before and after operation on 2 fe- 
male patients who had subungual glomus 
tumors of the hand. Normallj^ there is a 
synchronous drop in stuface temperature 
in the hands on being immersed in cold 
water. However, after patients immersed 
their hands in water at IS" C., it was 
found that recovery to their previous 
temperature was more rapid on the in- 
volved side than on the uninvolved side; 
also that during immersion the tempera- 
true on the affected side did not drop as 
low as on the unaffected side. There was 
a difference of between 6° and 8° C. on 
the 2 sides. After operation, the tem- 
perature changes in the 2 hands were 
found to be synchronous. There was a 
vasodilatation in tire skin of the affected 
member, which disappeared after the 
surgical removal of the tumor. However, 
the disappearance of the' vasodilatation 


did not occur until about 8 weeks after 
surgical excision. Owing to the persist- 
ence of some pain at the site of operation, 
associated with vasodilatation, the authors 
considered the vasodilatation of the tu- 
mors as being caused by the painful sen- 
sory stimuli. This belief was strengthened 
by the fact that the vasodilatation dis- 
appeared when the pain ceased. Mason 
and Weil cited a case of Paulian and his 
associates in which there was an increased 
feeling of warmth and perspiration over 
the whole right side of the bod}”^ in which 
the increase in temperature of from 0.5° 
to 2° C. was observed on the affected side. 
These changes disappeared following op- 
eration. Theis studied a person aged 69 
who complained of intermittent claudi- 
cation as a result of peripheral vascular 
disease associated with senile arterio- 
sclerosis. Following treatment of alter- 
nating positive and negative pressure the 
circulation improved and the thermo- 
couple temperature became normal. Six 
weeks after treatment for the claudica- 
tion, a glomus tumor appeared on the leg. 
This was associated with sharp, agonizing 
pain and was followed by a peripheral 
drop in temperature, probably owing to 
an arterial spasm caused by the tumor. 
Excision of the tumor brought prompt 
relief and a return of the peripheral 
temperature to normal. The observa- 
tions emphasize the physiologic effects 
produced by these tumors and indicate 
the association of the glomus with the 
maintenance of the temperature of the 
skin, whether through dilatation or con- 
striction of the vessels. Theis suggested 
that under pathologic conditions conges- 
tion causes swelling with pressure on the 
nerves and consequent paroxysms of pain, 
while cold causes contraction of the 
muscular walls of the vessels with com- 
pression of the nerve fibers between the 
glomus cells and resulting pain. In either 
event, pressure is the important precipi- 
tating factor and whether or not the 
disturbance is a central one with involve- 
ment of the sympathetic system is still a 
moot question. 
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An excellent discussion of the pathology 
of the glomus is given by Weidman and 
Wise. The study of this article cannot be 
urged too strongly upon the reader. 

“In brief, the neuromyo-arterial glomus is 
a normal vascular anastomosis which is dis- 
tinctive in two respects: (1) it is arterio- 
venous, i. e., there are not any intervening 
capillaries, the structure haA'ing a special 
and peculiar architecture; and (2) it includes 
special arrangement of muscle and nerve 
tissue. It occurs almost exclusively, as 
knoAvn at present, on the extremities, both 
upper and lower. It is supposed to play 
an im])ortant part in heat regulation. It 
assumes dermatologic significance when it 
becomes neoplastic, under which circum- 
stances it is the vascular phase of this 
neuromyo-arterial complex which leads to 
the objective symptoms. It is probably the 
nerve phase of the complex which is respon- 
sible for the intolerable pain.” 

The glomus tumor, according to Weid- 
man and Wise, is tlius merely an exag-. 
geratcd and disorderly glomus, attended 
by hyperplasia of its elements. It is 
exaggerated in that in most glomus 
tumors there is a new formation of 
Suquet-Hoj'er canals. In a single histo- 
logic section there may be hundreds of 
larger and smaller ones, variously deform- 
ed and more or less intercommunicating, 
each being surrounded by its mantle of 
epithelioid cells and nerve fibers. It is 
disorderly in that the Suquet-Hoyer canal 
is not separately and purposefully aligned 
with the afTerent artery on the one hand 
ami with the primary collecting vein on 
the other. It-is further disorderly in that 
the mantle of epithelioid cells is not at 
all uniform, c.. is thin in some places 
and excessively thick in others. 

Weidman ami Wise agree witli iMason 
ami Weil ami others that this tumor 
should be regarded as a hamartoma rather 
than as a true neoplasm. The question 
of malignant change in glomus tumor is 
still judicc. Ostrowski believes that a 
critical attitmle should he maintained on 
this point ami although no cases of inalig- 
naney following these tumors has been 
observed, it is still a possibility 


Love described a pin test for the diag- 
nosis of glomus tumor; 

“An ordinary steel pin is used. The 
patient is asked to indicate the maximal 
pain or tenderness. Oftentimes as the 
physician passes his finger toward the spot 
of the maximal pain, the patient will with- 
draw his extremity just as the patient with 
trigeminal neuralgia will withdraw his face 
when the trigger zones are approached. 
However, when the patient’s confidence is 
gained and the point of a steel pin is used 
to examine around the lesion, the point of 
the pin can be pressed into the skin as near 
as 1 cm, to the lesion without producing 
severe pain, but just as soon as the point 
is pressed over the lesion, the patient will 
have an excruciating attack of the charac- 
teristic pain projecting from the lesion.” 
One may be able to identify the lesion when 
it is not \osibIe. 

The glomus tumor can be removed only 
by complete surgical excision. Adair at- 
tempted to apply radiation in 1 case, 
using 1 square radium plaque of 700 me. 
hours at 1 cm. distance and a 3 mm. brass 
filter. This treatment was repeated but 
caused no change in the tumor. Lewis 
and Geschickter applied 4 courses of 
Roentgen rays to a glomus tumor which 
had previously been diagnosed as Ewing’s 
tumor, with no satisfactory results. One 
of the cases of Stabins and his co-workers 
failed to respond to 50 mg. liours of radium 
unfiltered. Stabins considered tliis as a 
therapeutic test verifying the diagnosis of 
glomus tumor. In 1 of Graves’ and Burt’s 
cases, which was at first considered hem- 
angio-endothelioma, 4 courses of Roent- 
gen treatment Avere given Avithout any 
change in tlie size or character of the 
tumor. Two months after this treatment, 
the true nature of the tumor occurred to 
them. The stubborn resistance of the 
glomus tumor to all means of irradiation 
would tend to strengthen the objection to 
the so-called epithelioid cells being cells 
of embryonic character, particularly angio- 
blasts, since all such cells are radiosensi- 
tive. •DifTercntial stains did not enlighten 
the authors as to die possible origin or 
nature of die glomus cells. 
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THE DECLINE OF ACUTE SURGICAL MASTOIDITIS 
Bt Noah D. Fabricant, M.D. 

CHICAGO, ILLINOIS 


An analysis of the more recent com- 
munications appearing in the otologic 
literature indicates a decline in the 
incidence of acute surgical mastoiditis. 
Directly responsible for the decline is 
the widespread utilization of sulfonamides 
and penicillin— this despite such factors 
as seasonal variations, differing degrees 
of bacterial virulence, inadequate dosage, 
masking of symptoms, drug resistance, 
and toxic reactions. Indeed, the tenor 
of the current state of affairs may be 
summarized in tlie words of Bowers,^® 
who during the course of a presidential 
address before the American Otological 
Society declared: "With the advent of 
chemotherapjq the number of cases of 
mastoiditis and its sequelm— particularly 
meningitis — has steadily declined. . . . 
The great decline in cases has already 
made it difficult to teach our resident 
physicians how to perform adequate mas- 
toidectomies.'' 

Despite the understandable conserva- 
tism of most otologists, pediatricians in 
general felt that sulfanilamide prevented 
extension of infection from the middle 
ear to the mastoid cells when treatment 
with sulfanilamide was employed during 
the winter of 1937-193S. In 1938 Horan 
and French® wrote of their e.xperiences 
in an English naval hospital: the inci- 
dence of mastoiditis had fallen from 
22.7 to 4.5 % following the use of sulfanil- 
amide in tlie treatment of acute puru- 
lent otitis media. The following year 
Fisher’^ presented a report on ISO cases: 
92 patients were treated in the ordinary 


manner, and 88 were given sulfanilamide 
in addition to the usual form of treat- 
ment. In tlie group without sulfanil- 
amide therapy there were 66 mastoidec- 
tomies. Mastoiditis developed in only 7 
of the 88 patients who were given sul- 
fanilamide. 

In 1940, in a discussion of the role of 
chemotherapy in the treatment of com- 
plications of acute middle ear suppuration, 
Lindsay*® stated: "The experience at the 
University of Chicago Clinics during the 
past 3 years has been that the number 
of operations necessary for acute mastoid 
suppuration has dropped materially, which 
apparently corresponds with general ex- 
perience throughout tlie country.” In 
1942 De Sanctis® and his associates made 
a survey of 1992 cases of otitis media 
and mastoiditis in children hospitalized 
from 1931 to 1941. Comparison of the 
groups treated with and without sulfon- 
amides from 1937 to 1941 showed a 9% 
incidence of mastoiditis in tlie former 
and 30% in the latter. Thus sulfon- 
amides have played a dominant role in 
these changes of incidence. Bilchick and 
O’Kane® described a study in which 40 
patients were treated witli sulfanilamide, 
udth 40 controls. The duration of dis- 
charge was reduced by one-third in the 
treated group, and tlie number who under- 
went mastoidectomy was reduced by one- 
half. Bowers*® employed chemotherapy 
over a 3 year period in 50% of his 793 
cases of acute otitis media. The incidence 
of mastoidectomy was reduced about 50 Jr- 
Boies® reviewed his experiences with 
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G50 cases of acute surgical mastoiditis 
during the years 1931 to 1941. From a 
study of the literature he concluded that 
a majority of the otologists and a larger 
majority of the pediatricians believe that 
sulfonamide therapy has been responsible 
for a distinct decrease in the incidence of 
acute otitis media and in the necessity 
for mastoid surgery in the mastoiditis 
complicating otitis media. Boies sent out 
a brief questionnaire to 30 otologists whose 
writings, or association with a public ward 
or teaching service, or geographic location 
made their vienqroints of special value. 
To the question “How much of a de- 
creased incidence of acute surgical mas- 
toiditis have you e.\perienced in the past 
3 'ear or two (1940-1941)?” the answers 
were unanimous in the matter of decrease, 
with estimates of from 25 to 95%, par- 
ticularly in private practice. 

An investigation described bj'- Falbe- 
Hansen and Bccker-Christenscn® in 1944 
covered a total of G5S cases of acute sup- 
purative otitis media, 323 in the control 
group and 335 in the treated group. The 
total number of patients included 419 
under 15 years of age; 194 patients were 
treated with sulfapyridine, 31 with sulfa- 
thiazole. The average period of treat- 
ment was 7 days. The 3 organisms most 
frequently encountered in the pus from 
these cans were }>neumococci, hemolytic 
streptococci, and PfeiiTer’s bacilli. In the 
group treated with sulfapyridine, tlie 
period of discharge was reduced by 2S%. 
Fxeluding patients who vomited, the rc- 
ductioti of discharge period Avas 40%. In 
the group treated widi sulfathiazole, where 
vomiting was a rare occurrence, the re- 
duction in discharge period was likewise 
40 In the control cases 9.3% required 
mastoid surgery, whereas in the groups 
treated with sulfonamides, 1.5% required 
operation. 

A current review by House® of .332G 
ease histories of patients hospitalized at 
the I-os .\ngeles County General Hospital 
biH'ause of otitis mixlia before ami after 
the general therapeutic use of sulfonamide 
drugs began elieitt'tl the following informa- 


tion; The number of patients hospital- 
ized because of otitis media has decreased 
by 50%. In 4 of 5 patients with acute 
otitis media the pathologic process can 
be arrested within 3 days if the adminis- 
tration of sulfonamide compounds is in- 
stituted at the onset of symptoms. The 
incidence of mastoidectomy in patients 
hospitalized because of acute otitis media 
has been reduced by two-thirds. Spon- 
taneous recovery occurs 1 week earlier in 
patients with acute otitis media who are 
treated with sulfonamide compounds. 
Surgical intervention was necessary ap- 
proximately 1 week earlier when sulfona- 
mide compounds were not administered. 
Postoperative drainage has been lessened 
by 1 Aveek. The incidence of complica- 
tions in cases of acute otitis media has 
been reduced by 20%. The mortality 
rate of otitic complications has been re- 
duced bj’’ one-half. Before the adA-ent 
of sulfonamide compounds as therapeutic 
agents, 9 of 10 persons Avith otitic men- 
ingitis died. With the therapeutic em- 
ployment of sulfonamide compounds the 
rate is 1.5 to 10. 

According to Weinstein and Atlierton," 
acute suppuratiA-e otitis media is a prob- 
lem of great importance to physicians 
AA'ho encounter it either as an isolated 
disease or during the course of such infec- 
tions as scarlet fcA'er or measles. Im- 
properly or inadequately treated, its com- 
plications may lead to partial or total loss 
of hearing and in some instances may 
seriously endanger life. Treating 50 cases 
of acute suppuratiA-e otitis media Avith 
penicillin, they found that complications 
AA'ere reduced to a minimum. Mastoid- 
ectomy was only an infrequent episode. 
In the c.xpcrience of SAvanson and Baker,’® 
the use of penicillin frequently made it 
possible to aA’oid surgical interA'ention for 
acute mastoiditis. Smith" asserted that 
in cases of acute otitis media Avith clinical 
and roentgen evidence of mastoiditis, the 
clinical response to penicillin AAas prompt 
and often dramatic. It was believed that 
the drug AA-as an important factor in cur- 
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ing the infection and sparing the patient 
mastoidectomy. 

If penicillin is given early in acute 
otitis media, Struble'- finds that the in- 
fection may be aborted. It must be given 
in adequate doses and over a sufficiently 
long period to prevent development of 
penicillin-resistant strains of bacteria and 
relapses. If given late, it may mask the 
infection and symptoms. If the surgical 
indications for drainage are still present, 
one resorts to m3Tingotomy and mas- 
toidectomy. 

Twelve patients with acute suppurative 
otitis media complicating scarlet fever 
were treated with a sulfonamide com- 
pound by BalP; penicillin was administered 
only after the infection had been demon- 
strated to be resistant to sulfonamide 
drugs. Of the 12 cases of acute otitis 
media complicating scarlet fever, 1 re- 
quired surgical intervention. In 10 of 
the cases the otitis media responded 
rapidly to treatment; in 1 case recovery 


took place slowl 3 ^ The 10 cases in which 
response to treatment was rapid showed 
resolution of the involvement of the 
tympanic membrane and restoration of 
normal hearing in from 1 to 2 weeks 
(average time 9 da 3 rs). Ball considers 
the prompt resolution and healing of acute 
non-scarlatinal suppurative otitis media 
complicated b 3 ’- mastoiditis, without the 
necessit 3 ’’ of surgical intervention, most 
promising. Five cases of acute non-scar- 
latinal otitis media complicated by mas- 
toiditis were studied. Each patient had 
been under treatment with a sulfonamide 
compound and was given penicillin onl}' 
after signs and s 3 ’^mptoms of complicating 
acute mastoiditis had developed. Cessa- 
tion of aural suppuration, abatement of 
all subjective signs and s 3 'mptoms, and 
complete resolution of the process in the 
t 3 TOpanic membrane were accomplished 
in from 3 to 18 days without resorting 
to surgical intervention. 
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A Textbook of Bacteriology and Im- 
munology. By Joseph M. Dougherty, 
Ph.D., Professor of Bacteriologj^, Villa- 
nova Coll., and Anthony J. Lajiberti, 
Instructor in Bacteriology, Temple Univ., 
School of Medicine. Pp. 3G0; 102 illus. 
St, Louis: Mosby, 1946. Price, S4.50. 
Designed for pre-medical students or 
nurses stud 5 dng medical bacteriolog}', this 
textbook offers the usual textbook material 
including a chapter on parasitic protozoa, 
on water, milk, and food examination, but 
nothing on pathogenic fungi. The content 
of the book is altogether too brief for under- 
graduate medical bacteriologj'. It stresses 
the early historical events in bacteriologj^ 
and omits too many important modern 
developments and details. The greater part 
of the text could have been written more 
than 6 years ago without change of its 
present form. Exceptions are the chapters 
on chemotherapy, tuberculosis, and proto- 
zoa. The chapter on viruses considers onl}’ 
4 virus diseases and bacteriophage. The 
rickettsioses considered are only epidemic 
typhus and Rocky Mountain spotted fever. 
To illustrate immunity, the old diagrams of 
Ehrlich are presented without consideration 
of recent advances. Inaccurate and mis- 
leading statements abound. Thus the state- 
ment is made that “typhus fever never 
dcvelojis in the absence of human body lice;” 
and subsequent treatment omits murine 
typhus completely. Judging this book in 
its entirety, it cannot bo reconunended for 
student use. J. F. 


Oral Medicini:. By LE.^iTER "W. Burket, 
M.D., D.D.S., Proffc'Jsor of Oral Medicine, 
The Thomas W. Evans Museum and 
Dental Institute, School of Dentistr}-, 
Univer.'-ity of Pennsylvania. Pp. 074; 
o.oO ills. Philadel])hia: Lijipincott, 1940. 
Price, .$12.00. 

Tui.s is an excellent presentation of the 
various oral diseases and the various oral 
aspects of internal medicine. The book is 
well organircil, comprehen.'^ivc and thor- 
oughly practic.al, ns outlined in an introduc- 


tion by J. L. T. Appleton. The first 200 
pages deal with the various diseases of the 
oral mucosa, such as gingirdtis, fusospiro- 
chetal infection, and the oral manifestations 
of metal poisoning, allergA' and various skin 
diseases. The following 100 pages are de- 
voted to the various diseases of the respira- 
tor}’-, cardiovascular, gastro-intestinal and 
urogenital systems. Then follow the dis- 
turbances of the endocrine glands and the 
diseases of the bones and joints. The re- 
mainder of the text is concerned with the 
xdtamin deficiencies, the blood d 5 ’scrasias, 
the specific infectious granulomata, focal 
infection, oral pediatrics and gerodontics. 
The book is richlj^ illustrated. As a special 
feature it is furnished with a color atlas 
showing a selected group of 60 commonly 
encountered oral lesions. Another feature 
is a regional diagnostic index of the more 
common sites of the various oral manifesta- 
tions. Everj^where oral changes are pre- 
.sented as part of systemic disease. The 
book is highly recommended to dentists and 
physicians alike. It is felt that it is a “must” 
for all practitioners of the healing arts. 

W. E. 


Human Embryology {Prenatal Develop- 
ment OF For.m and Function). Bv W. J. 
Hajhlton, M.D., D.Sc., F.R.S.E., Pro- 
fessor of Anatomy, Medical College of 
St. Bartholomew’s Hospital, University of 
London; J, D. Boyd, M..\., M.Sc., M.D., 
Professor of Anatomy, Medical College of 
tlic London Hospital, University of Lon- 
don; and H. W. Mos.sman, M.S., Ph.D., 
Associate Professor of --Vnatomy, ITnivers, 
iU- of Wisconsin. Pp. 374; .364 ills. Balti 
more, Williams A Wilkins, 1945. Price 
$7.00. 

This is a welcome addition to the small 
group of current texts on human prenatal 
development. It is a wartime product of 
cooperation between British and American 
scholars and is a credit to all concerned. 
The authors show themselves to be thorough 
anatomists, interested in phy.riologA*, clear 
in their descriptions and modem in their 
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"inewpoint. The morphology’’ is unusually 
•n-ell illustrated by the Enghsh medical 
artist, A. K. Maxwell, who is very successful 
in his three dimensional pictures. These 
are important for the student, who has little 
opportunity of studynng human embiymlogy- 
in the laboratoiy and for whom in conse- 
quence the descriptive text may' be insuf- 
ficient. For those interested in following up 
special topics the opportunity' is pro’\'ided 
by' over 500 references to journals and books, 
given at the ends of chapters. Of the 16 
chapters in the book the first 3 are con- 
cerned with germ cells and the cy'clic changes 
in the female genital tract. Chapters 4 to 7 
give the early' stages of human development 
in the light of contemporaiy' studies and 
include a photograph of the 71 day' human 
OA-um of Rock and Hertig. The illustrations 
are from modern sources and replace the 
classic figures which have adorned text books 
of embry'ology for the last half century'. 
Among these sources the publications of 
the Carnegie Laboratory' of Embry'ology' are 
prominent. Chapter 8 is concerned with 
theories and experiments since the time of 
Roux and bears the title, “Deternrination, 
DilTerentiation, The Organizer IMechanism, 
Abnormal De\'elopment and Tuinning.” 
These represent the modem attempt to leam 
something of the forces that underlie the 
complex changes which result in the func- 
tioning indi^'idual. Chapters 9 to IS give 
the organogeny' of the several sy'stems, and 
here again one is impressed ■n’ith the clear- 
ness of the illustrations and the effective use 
of color. The last chapter is entitled Com- 
parative Vertebrate Development and shows 
useful figures of the fetal membranes and 
placenta in domestic animals such as pig, 
sheep, dog, rabbit and other rodents. This 
book is designed for the serious student, 
but all can profit from it and especially' from 
the illustrations. W. A. 


Ax OtrriJXE of Org.vxic Nithogex Com- 
pouxns. By' Ed. F. Degerixg and Col- 
laborators, Department of Chemistry', 
Purdue University. Fp. vi, 752. Ypsilanti, 
IMich.: Lithoprinters, 1945. Price, S7.S0. 
This book which presents in outline form 
the chemistry of the important nitrogen 
compounds is more than a rei-ision of the 
volume which appeared under the same title 
in 1942. It is essentially a new book •ndth 


respect to content and orgam'zation. There 
are 45 chapters dealing with such topics as 
General Concepts, The Fixation of Nitrogen, 
The Ammonia System of Compounds, The 
NitroaUcanes, Poly'nitroalkanes, Aromatic 
Nitro Compounds, O.ximes, Aliphatic Am- 
ines, Amino Acids, Poly'peptides and Pro- 
teins, the Diazenes, Aromatic Amines, 
Alkanolamines, Aromatic Diazo and Dia- 
zonium Compounds, Hy'drazines, Urea and 
Its Derivatives, Guanidines, Organic Nitro- 
gen Dy'es, Alkaloids, Ifitamins Containing 
Nitrogen, Sy'nthesis of Nitrogen Ring Com- 
pounds, as well as many' other related cate- 
gories. 

Each chapter is subdivided into sections 
on: (1) history', occurrence, structure, uses; 
(2) nomenclature; (3) methods of prepara- 
tion; (4) phy'sical properties; (5) reactions. 

This outline will undoubtedly' be more 
useful as a reference than as a tex'tbook. If 
contains a wealth of material sy'stematically 
arranged for the research chemist. S. G. 


The Phtsiological Basis of Medical 
Practice. By Charles H. Best, C.B.E., 
M.A., D.Sc. (London), F.R.S., F.R.C.P. 
(Canada), Professor and Head of Depart- 
ment of Phy'siology', Director of Banting- 
Best Department of Medical Research, 
University' of Toronto; and Norjwx 
Burke T-oxor, V.D., M.D., F.R.S. 
(Canada), F.R.C.S. (Edin.), F.R.C. (Can- 
ada), M.R.C.S. (England), L.R.C.P. (Lon- 
don), Professor of Physiology', University 
of Toronto, Canada. Pp. 1169. Fourth 
ed. Baltimore: Williams & Wilkins, 1945. 
Price, 810.00. 

The world wide recognition that this 
lusty' 9 y'ear old has acquired hardly' needs 
the confirmation of the “four editions and 
fourteen printings since 1937” and of Spani.rii 
and Portuguese editions. The linking of 
laboratory' and clinic, very much in the 
limelight in these curriculum conscious days, 
is undoubtedly' a large factor in the book’s 
desired popularity'. The emphasis on morbid 
phy'siolog}', rather than morbid anatomy is 
another indication — present in all editions 
to be sure — of the author’s appreciation of 
modem trends and values. Up to date 
anatomists, physiologists, pathologists and 
internists should all feel at home in thi-- 
wide-embracing volume. Though ■^rith it- 
present additions it has now almost reached 
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maximum size, its small type (made tolerable 
by the use of double columns and generous 
heading) allows inclusion of an amount of 
material seldom found in a single volume. 

The author’s ter.se graphic style, the well 
chosen space-saving illustrations and the 57 
pages of references, all add to the attractive- 
ness of this excellent work. E. K. 

Scientific, Medical, and Technical 
Books Published in the United States 
ofAmbuica, 1930-1944; A Selected List 
OF Titles in Print, With Annotations. 
Edited by R. R. Haavkins. Prepared 
under the direction of the National Re- 
search Council’s Committee on Bibliog- 
raphy of American Scientific and Tech- 
nical Books. Pp. 1114. Washington, 1946. 
(“Any inquiries concerning this bibliog- 
raphy may be addressed to United States 
International Book Association, 27 East 
67 th Street, New York City 21.’’) 
CoNCEiATiD in the midst of war, this 
annotated list of approximately 6000 books 
(an equal number of available titles was 
rejected for one reason or another) has been 
brought to term in the amazing period of 
less than 2 years— approximately a year 
later than its sponsors had hoped, at that. 
In no other country in the world, probablj', 
would a bibliographic jirojcct of such scope 
have been even attcmjited under like con- 
ditions— still less, achieved. Our American 
jaiblishers, who succeeded in enlisting the 
aid of the Department of State, the National 
Research Council, and the Ofiice of the 
Coordinator of Inter-.'Vincrican .‘\ffair.s in the 
project, have reason indeed to congratulate 
themselves. 

Tlie list is intended primarily to provide 
other countries with descriptions of impor- 
tant scientific books imblishcd in the United 
States in the given period— //mt arc slill iti 
print. The latter qualification, the omission 
i)f iniblications issued by states and terri- 
tories, and the exclusion of some branches 
of the subjects treated, nece-'^sarily prevent 
the list from iircsenting a completely 
nmnded and truly definitive picture of 
.\merican scientific ]iublications in these 
years. It i^ obvious, on the other hand, that 
a publication of this .MWt would not have 
b(vn leasible at all, had not some restrictions 
Ihvu enforced. The list .should admirably 
satisfy its primary jiurjHvso: but it is to be 
hoped that its clearly stated limitations Avill 


not be overlooked, now or subsequently, by 
researchers, librarians, and historians, to all 
of whom it can be very useful without 
serrnng as a definitive bibliography. 

The annotations, which follow rather full 
anatyses of the contents, “came,” as the 
editor says, “from a variety of sources and 
inevitably reflect their origins.” Many recall 
the language of the publishers’ catalogues 
and announcements; some contain a fleeting 
critical comment (e. g., “the style is dignified 
and sober”), but probably most are as 
objective as the purpose Avarrants, There 
are author and subject inde.xes, and an 
Appendix containing a director}^ of state 
agencies and a directory of publishers. The 
typography of the weighty volume has been 
excellently designed by Carl P. Rollins, 
Printer to Yale UniversitjL Of the editor 
and of the successive chairmen of the Na- 
tional Research Council’s Conunittee (Har- 
rison Craver, Hon, Sc.D., and John F. 
Fulton, M.D.), one can only say that the 
volume is an impressive tribute to their 
respectiA'c skills and stamina. 

HaAUng made such a handsome beginning, 
cannot all the forces concerned cooperate 
to keep the list up-to-date by issuing, say, 
quarterl}’ or semi-annual supplements, which 
need not now suiTer most of the restrictions 
enforced by the times on the present publica- 
tion? If that were done, we should be offer- 
ing to the world of science an even more 
valuable tool in the form of a reasonably 
definitive bibliography unique in our time 
and useful for all time. That would be wise 
and very practical diplomacv indeed. 

2 W. McD. 

The Electron Microscope. An Introduc- 
tion to Its Fundamental Principles and 
Applications. By E. F. Burto.n, Univ. 
of Toronto; and W. H. Kohl, Rogers 
Electronic Tubes, Ltd. 2nd ed. Pp. 325; 
125 drawings, 136 light and electron 
micrographs. New York; Reinhold, *1946. 
Price, S4.00. 

This book is vTitten by the builders of 
the first electron microscope in America. 
It presents the elements of electron micro- 
scojiy to the layman, advanced high-school 
students and members of those jirofcs.-ions 
which have been influenced by this new 
science. Tlic nature of light and of electron 
beanK and the methods of focusing them 
are dealt with in a non-technical fashion, 



512 


BOOK REVIEWS AKD KOTICES 


the text being ampi}’- illustrated with car- 
toons and line drawings. The excellent 
selection of electromicrographs, biologic, 
bacteriologic, chemical, and metallurgic 
specimens is printed on high quality paper 
and represent a marked improvement over 
the 1st edition. A^Tiile the significance of 
the micrographs is touched upon verj' lightlj’-, 
an Appendix contains a complete bibliog- 
raphj' of the entire field of electron micro- 
scopy up to 1944 for those who wish to 
delve further into particular developments 
in the field. T. A. 


Nursing and Nursing Education. B3'- 
Agnes Geunas, E.N. Pp. 72. Phila- 
delphia: Commonwealth Fund, 1946. 

Price, Sl.OO. 

This monograph marks an era in nursing 
which might be called its “coming of age.” 
It is noteworthj' that it originated in The 
Committee of the New York Academj’- of 


Medicine on “Medicine and the Changing 
Order.” The inclusion of nursing both 
emphasizes its inseparable relationship to 
medicine and recognizes the emergence of 
nursing as a separate profession. 

The contacts deal with the development 
of nursing; supplj' and demand in both 
world wars; personnel policies and recom- 
mendations including those for anxiliarj' 
workers; estimated suppty and demand, and 
the future building of nursing. 

This book is recommended for thoughtful 
stud 3 ’^ b 3 ' nurses, ph 3 ’-sicians, and all con- 
cerned with the health of the community. 
It should be particularl 3 '' helpful to members 
of Boards of hospitals and public health 
agencies. 

The selection of the author as spokesman 
for nursing is a tribute to her proven abilit 3 ’ 
in nursing education as well as her personal 
acceptabilit 3 ' to both medical and nursing 
groups. T. L. 
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COMPLICATIONS FOLLOWING THE ADMINISTRATION OF THIOURACIL* 

Bv William H. Beierwaltes, M.D. 

AND 

Cyrus C. Sturgis, M.D. 

ANN arbor, MICHIGAN 

(From the Department of Internal Medicine, University of Michigan Hospital) 


llErouTS of unfavorable complications 
occurring during the administration of 
thiouracil have appeared in the literature 
ever since the first clinical trial of this 
new drug in patients with toxic goiter by 
Astwood.' It has become increasingly ap- 
parent that the most important untoward 
reaction to thiouracil is the development 
of agranulocytosis, which is always a 
serious complication and one which may 
terminate fatally; all others are of minor 
importance in comparison to it. Since 
the incidence and mortality rate of this 
condition will undoubtedly be a signifi- 
cant determining factor in the future use 
of the drug, it is our purpose to devote 
the main part of this report to a considera- 
tion of the reasons for a fatal outcome in 
a few patients with this disease, wliercas a 
majority who have developed this dis- 
order have survived. In addition, other 
less serious reactions will be renewed in 
the light of our experience with SO patients 
treated with the preparation. From the 
literature and thmugh 2 personal com- 
munications 9 fatalitie.s occurring during 
or following thiouracil administration have 
Invn folleeled.*'^'''' ’® '- ’' '’* 

Inspection of the data in Table 1 .shows 

* r.irt of t!io oxjH'o'-o of till's ^t\Idy wn*; dofrayisl 
Mirliicnn. 


that 7 of the 9 fatalities were definitely 
attributable to agranulocytosis. The first 
ca.se of Himsworth’s should be excluded 
because there was a leukocytosis, neutro- 
philia and pneumonia. Also the case men- 
tioned by Sevringhaus did not succumb 
from agranulocytosis but died in thyroid 
crisis following an episode of the disorder. 

In an attempt to determine if all of the 
a!)ove 7 fatal cases had 1 or more signifi- 
cant factors in common which could ac- 
count for the fatal outcome of the condi- 
tion, many po.ssible underlying causes 
were given careful consideration. Appar- 
ently the age which varied from 41 to 
72 years, the sex, and the presence of 
various complicating diseases did not play 
an important role. In the case reported 
by Stock ci al.,^ however, it was admitted 
that the patient had severe diabetes, which 
might h.avc been an important contribut- 
ing clement in the death of the patient. 
During the first 2 years in which thiouracil 
w.as employed, it appeared as though 
c.xcessivc dosage might be a major cause 
of the fatalities.* -^ ’- This impres.sion, how- 
ever. is probably incorrect as more recently 
deaths have resulted from the administra- 
tion of doses as small as 0.2 gm. daily.^-' 

by a jrrant from the Upjohn Company. Kal.am.aioo. 


Mil. V’li!. vii --Noirvntn. ISir, 
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It is our present impression, therefore, 
that while excessive dosage must be kept 
in mind as the cause of fatal agranulo- 
cytosis, it is not the sole determining 
factor. Recently Limarzi'^ reported his 
observations on 1 case of myelogenous 
leukemia who developed a severe leuko- 
penia following the administration of 
3 gm. daily for 3 months. He concludes 
that thiouracil in sufficient doses regularly 
inhibits granulocytosis and destroys granu- 
locytes, which is interpreted as an effect 
independent of individual susceptibility. 
Although this statement may prove to be 
correct in the light of further experience, 
such a conclusion does not seem justifiable 
at present. 

A review of the 7 untoward fatal cases 
of agranulocytosis associated with the 
administration of thiouracil shows that 
there are at least 5 important contributing 
factors to the fatal outcome. These are 
tabulated in the following paragraphs: 

1, Failure to Administer Penicillin 
Promptly. In not 1 instance was treat- 
ment with penicillin given from the onset 
of symptoms to death, nor even following 
the discontinuance of thiouracil to the 
time the patient expircil. In all cases in 
which this form of therapy was adminis- 
tered, it was given rr.v a last resort. The 
great significance of this factor is obvious 
from the knowledge that the average 
length of life after onset of the .symptoms 
of a thiouracil reaction wa.s S days, with 
the shortest interval being 5 days and the 
longest one IG days. The opportunity 
for instituting therapy with this mo.st 
clTcctivc agent was, therefore, to a certain 
extent, regrettably overlooked in each 
patient. 

2. ]')i.‘iroNTiNr.\NCE OK THE Drug Af- 
TK.u THE Onset of Symiwoms. Since fully 
(leveloptHl agranulocytosis may be prc.sent 
within 3 days after the onset of the initial 
warning symptoms, it is apparent that the 
tlrug should be disetmtinuetl, temporarily 
at least, with the appearance of the very 
earliest evidence of an untoward elTeet. 
In all of the taluiIaHHi fatalities, with the 
jK>s.sible exception of the ease of Lnhey 


and Bartels,’® the drug was discontinued 
after an interval of 24 hours to 5 days 
following the recorded onset of symptoms, 
or an average of at least 2 days. It is 
possible that all these deaths might have 
been averted if the drug had been stopped 
promptly after the appearance of the 
ominous symptoms, 

3. Disregard of Significant Symp- 
toms OF Impending Agranulocytosis. 
Six of the 7 patients experienced definite 
symptoms which should have served defi- 
nitely as an indication to the intelligent 
and forewarned patient to discontinue the 
drug promptly and seek medical adxnce. 
In the seventh patient the information is 
incomplete and hence it is not possible to 
determine from therecord if such manifesta- 
tions were present. It should be empha- 
sized that any symptom, regardless of its 
nature, when it appears in a patient who 
is receiving thiouracil, should be regarded 
tentatively as due to the action of the drug 
and hence should be investigated thor- 
oughly, This means, in addition to other 
things, that a white blood cell count and 
the differential formula of the leukocytes 
.should be determined. From a study of 
the fatal cases, it wa.s found that fever, 
sore throat, and malaise were the 3 most 
common manifestations of this disorder, 
named in order of frequency. 

4. Inkfitcacy of Various Forms of 
Therapy for Agranulocytosis. One or 
more of the recommended forms of treat- 
ment of agranulocytosis, namely, the sul- 
fonamides, crude liver extract, pentnueleo- 
tid, whole blood, yellow bone marrow, and 
folic acid was used in each case without 
preventing death. This and our succe.s.sful 
use of penicillin in our 3 ca.«es of agranulo- 
cytosis suggests that penicillin is undoubt- 
edly the most effective type of therapy 
that can be used in combating the .‘^cpsis 
of agranulocytosis which is the usual cause 
of death in the disease. 

o. Failure to Discontinue Thiouka- 
ciL Whi'.n a Severe Leukopenia Devel- 
OP.S. .-\lthnugh the majority of patients 
with thyrotoxii-nsis have a mild to moder- 
ate leuk<^ponia and lymphocytosis , it is 
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e^^dent from our experience that ■when 
the total white cell count drops below 
2000 per c.mm'. during thiouracil therapy, 
it is an indication that the patient is in 
grave danger. It is especiallj’’ important 
to have a white blood cell count and 
differential blood count done before thio- 
uracil is instituted in order to evaluate 
more accurately the subsequent course of 
events. 

In a survey of the 7 fatalities, it has been 
found that 5 common facts, given above, 
if kept in mind by the physician, should 
enable him to avert fatal reactions or 
reduce them to a minimum. It is striking 
to note that each fatality occurred in 
patients who were being treated by physi- 
cians vlth relatively little e.xperience in 
the use of the drug. The 152 patients of 
Williams and Clute,*® and in our series of 
SO patients, there were no fatalities al- 
though cases of agranulocytosis did occur. 
The 1 fatal case in the series of 190 pa- 
tients of Lahey and Bartels'® occurred 
when the patient was no longer under 
their observation and in another hospital. 

Non-fatal Hematologic Reactions. Of 
our SO patients, 70 were treated with 
thiouracil as in-patients until the basal 
metabolic rate had fallen significant!}' and 
the clinical picture had improved con- 
siderably. These patients were hospital- 
ized for a minimum period of 2 weeks and 
a majority for a much longer interval. 
A technician was employed to do total 
white blood cell counts and differential 
blood counts on these patients every other 
day. The largest daily dose of thiouracil 
given was 0.6 gm. After reviewing the 
literature, we feel that such a close check 
on the patient’s clinical picture and blood 
status on such a large series has not been 
prew’ously reported. It is our opinion 
that a careful re\'iew of the non-fatal 
hematologic reactions among these pa- 
tients is worthwhile. 

The only non-fatal hematologic reactions 
were those of agranulocytosis or neutro- 
penic leukopenia. No decrease in number 
of the other circulating cellular elements 
of the blood occurred. One patient did 


have thrombocytopenic purpura occurring 
before thiouracil was started. This disap- 
peared during thiouracil therapy. 

These observed non-fatal hematologic 
reactions occurred 6 times in 5 patients, 
or in approximately 8% of the group. 
This is a definitely higher incidence than 
in 3 of 152 (2%) in the series of Williams 
and Clute'® and in 9 of 190 (4.7 %) in the 
series of Lahey and Bartels ;'® the patients 
in both of these series were followed for the 
mostpart as out-patients. We attribute this 
difference in incidence to the fact, re- 
ported by others,®-'® that mild non-s}'mp- 
tomatic neutropenia and neutropenic leu- 
kopenia may occur occasionally in some 
patients and disappear spontaneously de- 
spite the fact that the thiouracil medica- 
tion is not discontinued. 

Neutropenic Lciikopcnia (Tables 2, 3 and 
4). This hematologic reaction occurred as 
frequently in our series (3 cases) as did 
true agranulocytosis, which was observed 
3 times in 2 patients. Here, as in the fatal 
cases of agranulocytosis, the hematologic 
reaction was always preceded or accom- 
panied in its earliest phase by a drug fever 
with or without skin eruption, sore mouth 
and other symptoms. Also, the full de- 
velopment of the symptoms occurred in 
the brief interval of 3 days. The impor- 
tance of this fact was made obvious in the 
discussion of the fatal cases of agranulo- 
cytosis. This observation also illustrated 
that occasionally the simple act of with- 
holding thiouracil for as short a time as 
1, 4 and 8 days may be the only change 
necessary in the successful management of 
the patient. Our view in regard to this 
is in accord with the experience of Palmer'® 
who resumed the administration of the 
drug after 72 hours in each of her first 
9 cases of neutropenia and leukopenia 
with satisfactory results. 

Agranulocytosis (Tables 5, G and 7). 
Our charts show 3 episodes of agranido- 
c}'tosis which developed in 2 patients. 
The second reaction in the first patient 
is the sole example observed in our group 
of a second attack of agranulocytosis in 
the same patient, resultingfrom thiouracii. 
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We think, however, that a recurrence is 
an important clanger to keep in mind since 
it accounted for 1 out of the 6 reactions. 
In these 3 episodes of agranulocytosis, the 
warning symptoms were again present in 
all cases. The agranulocytosis in each 
instance developed within 3 to 5 days 


after the appearance of the premonitory 
symptoms, and recovery occurred in 6 to 
7 days following the use of penicillin alone. 
This group and the preceding one raise 
the question concerning the value of cer- 
tain therapeutic measures, such as liver 
and folic acid, as suggested by Goldsmith 


Tahw: 2 .— NEUTROPfiNiA OccuniuNG During Thiouracii. Administration With Symptoms 
OF Agranulocytic Angina, Dermatitis, and Drug Fever 


1. R. No. 403451. 






DoanRO 


Neutro 



per day 

3'emp. 


plnlR 


Date 

(Rm.) Symptom.s 

(° F.) 

W.B.C. 

(%) 

Therapy for reaction 

4/14/44 

0.0 

00.6 

8200 

51 


4/15/44 

0.0 Aeneform dermatitis of face, pru- 

100.3 





ritUH 





4/10/44 

0.0 Above inc. in c.\tent and severity; 

100.5 





sore tliroat 





4/17/44 

0.2 Sore throat and dermatiti.s impr. 

09.0 

5000 

37 

DriiR discontinued. 

4/18/44 

0.0 Pruritus persists 

00.6 

4800 

53 


4/10/44 

0.4 Stili some prnritns 

08.6 

0650 

69 



Table 3. —Leukopenia and Neutropenia With 

Drug 

Fever Only 

0. G. No. n40(l4b. 






DoaitRO 


Ncutro- 



per dnj- 

Temp. 


pbils 


Dale 

<Rm.) Symptoms 

(° F.) 

W.B.C. 

(%) 

Therapy for reaction- 

0/12/44 

0.4 Temp. 00 3° -1 00° on ndiniss. 

99.3 

6100 

62 


0/1,5/44 

0.4 

90.4 




0/10/44 

0.4 

99.8 




0/17/44 

0.4 

100.0 

4000 

52 


0/10/44 

0.4 

100.7 

3800 

60 

Dnip deliberately continued 

0/20/44 

0.2 

100.2 

2250 

55 


0/21/44 

0.0 

90.5 

4150 

45 

DruR di.scontinucd 

0/22/44 

0.0 ... 

99.0 

3000 

38 


0/23/44 

0.0 

00.0 

3200 

31 


0/24/44 

0.0 

09.0 

4350 

38 


0/25/44 

0.2 

99.0 

47.50 

27 


0/20/44 

0.,f 

99.0 

5850 

52 



Tarm: 4.— Lui’kopenia and N’i;rTUori:NiA With Symptoms of Drug Fever and Sore Throat 


P. S. No, .-..-lUSO.'i. 


Dosmro 
tier (ta> 
Date (Rtn.) 

S.vm)itnms 

3Vmp. 
(° F.) 

W.B.C. 

Neutro- 

phils 

{%) 

Therapy for reaetion 

11/1.5/44 0 2 



7000 

40 



11/28/ 14 0.0 

Hot all over” 

101.0 

2750 

20 

DruR discontinued 

(ilt'hjrns) 

11/20/44 0.0 

t^nre ihront 

Normal 

1900 

15 


12/ 1/44 0.0 

None 

Normal 

3700 

20 


12/ 2/44 0.0 

12/ 3/44 0.0 

12/ 4/44 (1.0 

None 

None 

None 

Normal 

Normal 

Normal 

4000 

48 


12/ 5/44 0.0 

None 

Normal 

.5000 

48 


12/ 6/44 0.0 

Nonr 

Normal 

5300 



Tahi.e Total .tGiUNn.orvToMs or 5 Days Du 

or Sepsis 


Symptoms 


M.O. ^ 

per d:i> 

D.Ue 

(cm.) 

1 / 0 4.5 

0 Ci 

(Uetuin) 

2/ .8 4.5 

0,2 

lUetunt'l 

2' 0 4.5 

0,0 

2 10 4.5 

0 0 

2 11 4.5 

0 0 

2 12 4.5 

0.0 

2 13 4.5 

0 0 

2 14 4.5 

0.0 

2 K5 4.5 

0 0 

2 If. 45 

tt 4 

2 17.4.5 

0.4 


■'I’.nm iti nock; 


> .Tin m iutk; . No, of iLavn; 
I'Aiiiful oorv. .mipnopnlliv; fur- 
u!U')o of no'o. fsncT. for(Iira<i 
"So-,, tfiroit;" tic an- 

pma 


RATION With Predominant Picture 


Therapy for teactiop 


IVniriliin 100,000 u.'dsy 

IVnicsUm 

Pi’nirillin 

IVniriihn and .•uffadiaiin'' 
IVnirjllm and rnffadtatino 
IVnkdlin and ftiU.Adiatin<- 
IVninllin and eulf.ydiatin*- 
IVaicdiin only 
Pcnicinin only 


Temp. 
{' F.) 

W.B.C. 

phiK 

(Cc) 

08.6 

8.5.50 

70 

102.5 

3200 

4 

10.5.4 

1050 

0 

104.0 

2100 

0 

105.6 

ia5..5 

iim 

‘0 

102.8 

20.50 

0 

10.5.0 

21.50 

0 

100.0 

24.50 

40 

08.0 

4,500 

6.5 

00.0 

.V5m 

1 1 
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d oZ.® As a matter of interest, the third 
case of agranulocytosis (Table 7) occurred 
while the patient was recemng Armour's 
brewer’s yeast (15 gm. t.i.d.)- This mater- 
ial contains considerable folic acid and 
was administered purposely to prevent 
agranulocytosis. 

It should be noted that the case in which 
thiouracil was used after the onset of 


frequentlj' in conjunction m'th other 
reactions. The reported incidence of 
attacks of fever in 4 series of patients from 
the literature is tabulated below. 


Willianis and Clute'® 
Gargill and Lessc.s'‘ . 
Lahey and Bartels'” . 
Paschkis'” . . . . 


. 2 in 152 (1.3%) 

. 2 m 43(4.6%) 

. 7 in 190 (3.6%) 

. 4 in 30(13.3%) 


Table 6. — Total Agh.\kolocytosis of at Least 5 Days Dcp-ition, Illvsth.itixg Effect 
OF Not Stopping Thioitbacil at Fibst Symptoms 


M. O. No. 550S95. 


Date 

Dosage 
per day 
(gm.) 

Symptoms 

Temp. 

Neutro- 
phils 
W.B.C. (%) 

(Return) 
3/ 5/45 

3/ 8/45 

1 

0.3 

0.0 

Routine count done by home phy- 
sician; said to be “Jow;" thiour- 
acil cont. 

Sore throat, temp. 103°; necrotic 

101.0 

1280 

0 

3/ 9/45 

0.0 

mouth ulcer; tender cerv. aden- 
opathj* 

Sore tongue 

102.4 

1250 

0 

3/10/45 

0.0 

Sore tongue 

103.8 

1300 

0 

3/11/45 

0.0 

? slight icterus 

103.5 



3/12/45 

0.0 

103.5 

900 

6 

3/13/45 

0.0 


10-4.0 

1700 

5 

3/14/45 

0.0 


101.0 



3/15/45 

0.0 


98.4 

2450 

29 

3/16/45 

0.0 


98.6 

4050 



Therapy for reaction 


Penicillin 160,000 u./day 
Penicillin 160,000 u./day 
Penicillin 160,000 u./day 
Penicillin 160,000 u./daj* 
Penicillin 160,000 u,/day 
Penicillin 160,000 u./day 
Penicillin 160.000 u./day 
Penicillin 160,000 u./day 


Table 7, — Marked Leukopenia and Neutropenia With Parotitis and Low Gr.<de 


S. F. No. 506407. 

Dosage 
per day 

Fever 

AS Warning SvitproMS 

Ncutro- 

Temp. phils 

Tiierapy for reaction 

Date 

(gm.) 

Symptoms 

("F.) 

W.B.C. 

(%) 

6/15/45 

0.6 


99.2 

5050 

51 

Bre\^er's yeast 15 pu., 
since starting thiouracd 

6/10/45 

0/17/45 

O.G 

0.6 


99.2 

99.0 

4850 

47 


0/18/45 

6/19/45 

O.G 

Parotitis, rt. 

99.2 

37 oO 

22 


0.6 

98. G 

5150 

32 


0/20/45 

0.6 

Angina, tonsil necrotic 

99.0 

3500 

13 


0/22/45 

Omitted 

99.0 

3350 

n 


0/23/45 

Omitted 


100.0 

2250 

1 

Penicillin started 

G/24/45 

Omitted 

Rt. axiUarj' abscess 

102.8 



6/25/45 

Omitted 

Worse 

102.4 

2800 

3 


6/26/45 

6/27/45 

G/2S/45 

Omitted 

Omitted 


100,2 

99.3 

4t>00 

7 

Roentgen ray to a-till.a 

Omitted 


101.0 

7000 

5C 


symptoms developed more complications 
(pariotitis, fever, agranulocytic angina, 
axillary abscess) than the cases in which 
thouracil was promptly discontinued. 

Non-hematologic Reactions Which Re- 
quired Cessation of Thiouracil and Thy- 
roidectomy. Febrile Beaciions. In only 1 
of our SO patients was it necessary to dis- 
continue thiouracil because of febrile reac- 
tion. The febrile episodes which occurred 
in our patients dei'eloped between out- 
patient YTsits; hence they were not studied 
in detail, but from the history they re- 
sembled other reports in the literature. 
As noted above, fever was present more 


The typical type of pyogenic reaction is 
portrayed by a case of Ivenrick and A atcr. 
A 17 year old colored female had a satb- 
factory response to thiouracil but c.xpcn- 
enced fever reaching 105° F. on 3 different 
occasions. The febrile attacks were ac- 
companied by epigastric distress, low hack 
discomfort, anti pain in the eyes. The 
conjunctiva; were injected and there va.s 
profuse lacrimation. A thyroidectom.' 
was then performed. Twelve hours 
operatively a dose of 0.2 gm. of tliiouraci 
produced a typical febrile reaction, oc<ur 
ring 7 hours after the administnition o 
the test dose. The authors conclude t i.it 
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this was “probably a drug allergy” and 
not a typical toxic effect. The nature of 
this type of untoward effect needs further 
investigation before effective therapy can 
be recommended. 

Ca.ses Rffradorij 1o Tliiouracil. No con- 
vincing reports of complete persistent 
resistance to tliiouracil therapy have been 
published in the literature. In our group 
of 80 patients, we concluded that in 2 pa- 
tients the results. were only moderately 
successful and hence it was deemed advis- 
able to perform a thyroidectomy. The 
case histories of these 2 patients are as 
follows ; 

Case l.-D. G., No. .54904G, a 14 year 
old, white female, was admitted on June 6, 
1944, with a history of shaking and ner- 
vousness since 1939 and with the onset of 
swelling in the neck in 1940. The goiter 
had progre.ssed in size and in March 1944 
the onset of blurring of vision was noted. 
On physical examination her skin was hot 
and moist. Exophthalmos was not present. 
The jiulse was 12G per minute and the blood 
pressure 220/50. There was a fine tremor 
of the extended fingers and a diffusely en- 
larged thyroid gland. No definite evidence 
of cardiac disease was observed. The B.M.R. 
was +01 on June 7, 1944. Tliiouracil was 
started in a do.sagc of 0.4 gm. dail}' on June S, 
but 12 days later it was necessary to dis- 
continue the drug for 4 days because of a 
cutaneous complication. At the end of this 
time, tliiouracil therapy was resumed and 
the ]iaticnt was kcjit in the hospital in bed 
until August 24, when her B.M.R. reached 
+ 10. She then continued this do.sagc for 
2 weeks while resting at home, after which 
time it was reduced to 0.2 gm. daily. On 
December 0 the B.M.R. was +17. Her 
general condition had .‘^liown only moderate 
improvement and she had been attending 
school half-time. Tliiouracil was continued 
in a do.sagc of 0.4 gm. daily and on April 13, 
191.5, her B.M.R. was —3*'/. Althougli 
her condition had improved greatly .‘:lie was 
not entirely normal and hence thyroidec- 
tomy was performed. 

t .\SK 2. — t . S., No. .5GS.34G, an IS A'car 
old, white male, was admitted on May 9, 
19!.‘), with a history of oii'-et of symptoms 
of thyrotoxicosis in November 1944. There 
was heat intolerance, insomnia. increase<l 


appetite with weight loss of 30 pounds in 
6 months, with nervousness and marked 
tremor. On ph 5 'sical examination his pulse 
rate was 130 per minute and blood pressure 
155/80. The skin was warm and moist. 
There was no exophthalmos. Two nodules 
about 2 cm. in diameter were present in the 
th 3 n-oid. The B.M.R. on May 23, 1945, 
was +43, and after 3 days of bed rest was 
+50. Tliiouracil was started on Ma}' 29 
in a dosage of O.G gm. per day. He was 
discharged from the hospital receiving this 
amount on Jul}’’ 14. The B.M.R. on Aug- 
ust 14 was +36 and on September 20 was 
+ 16%. The patient was readmitted on 
November 6, at which time the B.M.R. was 
found to be +9. The residual symptoms of 
thjTotoxicosis were present. 

Both of these patients were .young and 
had high basal metabolism rates with 
high pulse pressures. In both cases the 
B.M.R. was reduced to normal limits with 
tliiouracil but not as rapidly as in the 
usual case. What is more important, the 
clinical condition did not improve suffi- 
cicntl.v de.spitc the prolonged periods of 
treatment. The first patient received 
0.4 gm. dailj' or more during the 2 month 
period of hospitalization, 0.2 gm. per da.v 
for 4 months at home, and then 0.4 gm. 
per da.v for 4 months which is a total 
period of treatment of 10 months. In the 
second case the patient was maintained 
on maximum (O.G gm.) doses of tliiouracil 
for an interval of 5 months. He had a 
distinct tendcnc.v to improve during hospi- 
talization but the s.vmptoms became inten- 
sified on resumption of normal activities. 
The fact remains, however, that this 
patient could not be made entirclv free of 
•S.vmptoms without an undesirabl.v long 
period of hospitalization. Hence it was 
concluded that probabl.v surgerv offered 
the be.stopportunit.v for cure. Although we 
have found no mention of this fact in the 
literature, our experience gives the im- 
pros>ion that the clinical response of out- 
patients is in general slower and less .satis- 
factorv than that of in-patients on thio- 
uracil. 

Can-iuoma of the Tlir/roifl Gland in Ihln- 
tion in Thiounu'il I'rraitnnif. Carcinoma 
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has been reported to occur in from 2 to 
1 1 % of patients with nodular goiters. Two 
of our 31 patients with nodular goiters 
were found to have adenocarcinoma of 
the thjToid at operation. In both in- 
stances the true diagnosis was suspected 
preoperatively. Nevertheless, although 
this represents an incidence of only 2.5% 
of our total of 80 patients vith to.xic dis- 
ease of the nodular and non-nodular types 
of goiters, it is an incidence of 6.6% in 
patients with nodular goiter. For this 
reason it is our policy to employ thiouracil 
in patients with nodular goiters only as a 
preoperative measure. This procedure is 
followed in most large thiouracil series. 

The Unreliable Patient. An ever-present 
reason for failure of thiouracil therapy is 
that a small percentage of patients cannot 
be relied upon to follow directions care- 
fully. It is unsatisfactory to administer 
thiouracil to patients who are incapable 
of satisfactorj" cooperation, for at least 
2 reasons. In the first place, such patients 
are likely to discontinue therapy or be 
irregular in taking their medication after 
variable periods of time and consequently 
suffer partial or complete relapse of the 
to.xic thyroid state. Second, security as 
far as protecting the patient against a 
possible attack of agranulocytosis, depends 
upon the early recognition and heeding of 
symptoms such as fever, sore throat, der- 
matitis, and other to.vic manifestations. 
IMien such symptoms do occur, as has 
been emphasized, then the patient should 
at once consult a physician promptly and 
have a white blood cell count and differen- 
tial count done. In no other way can 
agranulocytosis be detected and the life- 
sa\"ing penicillin therapy instituted early 
in the course of the disease. If a patient 
is not sufficiently dependable to cooperate, 
it is recommended, for the reasons given 
above, that a thyroidectomy be performed 
after thiouracil has been administered pre- 
operatively under close observation for a 
sufficient period of time to secure the 
maximum fall in the basal metabolic rate. 

Cosmetic Effect. The occasional large 
toxic goiter which presents an undesirable 


cosmetic defect should, of course, be re- 
moved surgically. This is not in any way 
a complication of thiouracil therapy. The 
removal of such large goiters, liowever, is 
attended by a higher morbidity than when 
the gland is smaller. It is all the more 
important, therefore, to reduce the toxic- 
ity as far as possible preoperatively. In 
our opinion this can best be accomplished 
Avith thiouracil. 

Reactions Not Usually Requiring the 
Discontinuance of Thiouracil. A consid- 
eration of the published reports dealing 
ulth the undesirable effects of this drug 
leads one to suspect that possibly all of 
the reported reactions are not due to thio- 
uracil. For example, in 1 small series a 
high incidence of a certain type of reac- 
tion occurred, such as jaundice, Avhile in 
other large series this complication ha.s 
never been present. One of our own 
patients developed fever and diarrhea 
which was at first attributed to thiouracil. 
The symptoms disappeared promptly, 
howe\'er, following removal of a fecal 
impaction. 

Dermatitis. This usually is of a maculo- 
papular variety, sometimes morbilliform, 
and occasionally urticarial in type. There 
W'as only 1 case of dermatitis in our series 
of SO patients wliich we thought undoubt- 
edly Avas due to thiouracil. The rash dis- 
appeared Avhen the drug Avas discontinued 
and did not reappear AA'hen it Avas rcsunie{l. 
This reaction Avas of an acneform A'ariety 
A\nth intense pruritus and accompanied by 
leukopenia. Three of our patients de\'el- 
oped a dermatitis Avhich aa-us thought to 
be due to thiouracil but disappeared Avhen 
only phenobarbital Avas Avithheld. It is 
possible that some of the reported epi.«ndcs 
of dermatitis liaA'e actually been due to 
A’arious hypnotic drugs, sAicli as tlie 
barbiturates, administered coincidentalb 
AAa'th thiouracil. Williams and Clute 
report 4 cases of dermatitis in 152 patients 
(2.6%), Gargill and none inFG 

and ladiey and Bartels'” 4 in 100 (2.1 
Most authors agree that this reaction niio 
be aA'oided Avhen the drug is rc.iume<l, c-p 
cially if it is giA'cn in smaller do-c.s. 
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Leg Edema. Edema of the legs has been 
reported to occur by Williams and Clute’® 
in an incidence of 3.9%. Such a compli- 
cation is not mentioned as having been 
present in the series of 190 patients re- 
ported by Lahey and Bartels,^® nor has it 
been observed in our patients. 

Javndicc. This complication has been 
reported as developing in 2 of 43 patients 
of Gargill and Lesses (4.6%)^ but not in 
the large series of Lahey and Bartels’** or 
in that of Williams and Clute.'** Other 
authors with smaller scries, however, have 
also noted this complication. It has not 
been observed in our patients. Though 
Gargill and Lesses have made a very 
tliorough study of their cases of jaundice, 
apparently there are no reports of recur- 
rence of the jaundice following a resump- 
tion of the thiouracil therapy. 

The Goiirogcmc Effect of Thiovracil. A 
majority of authors agree that thiouracil 
docs not produce significant enlargement 
of the thyroid gland grossly in man. 
Astwood- states that in some of his patients 
a definite goitrogenic effect was observed. 
The ])oint is unsettled because no accurate 
means of measuring thyroid size has been 
employed. Tlie gland often appears to 
diminish in bulk iiecausc it may soften 
during thiouracil administration and con- 
sequently blend more readily with the 
normal neck contour. It is logical to 
assume that the lack of goitrogenic effect 
in humans is due to (1) .‘^mailer do.sige of 
thiouracil on body weight basis than that 
used in rats to proiiuee goitrogenic effect, 
and (2) hypothyroidism is uneommonly 
produced in humans and, therefore, the 
stimulus to thyrotropic hormone produc- 
tion is not as great as in the animal with 
hypothyroidism induced liy the dnig.- 
Pwdtu'linv or Accenfunfion of Exophthal- 
mos. In our e.xpericnee there has been 
no higher ineidenee of jirogressive exoph- 
thalmos in patients treated with thiouracil 
tlian in those in whom a thyroitleetomy 
was performed. Sonu' authors believe 
that the slower lowering of the B M.IL, 
as in thiouracil treatment, is kvs liable 
to induce progn'ssive exophthalmos than 
* TliL nnper hnc finro Lx'n ptiblhlicd 


surgical therapy. At any rate, we are now 
using thiouracil plus desiccated thyroid to 
treat malignant exophthalmos. 

Other Reactions. These include “aller- 
gic” arthritis and cerxdcal and salivary 
gland adenopathy. Adenopathy has oc- 
curred in our series only in conjunction 
with neutropenia. The case of generalized 
adenopathy' reported by' Gabrilove and 
Kert,'’ however, did mention that the 
peripheral blood was normal at the time 
of the reaction. 

Conclusions. In our e.xperience thio- 
uracil has proved to be a valuable drug 
when employ'ed preoperatively' in pa- 
tients with both nodular and hy'perplastic 
toxic goiter. It is superior to iodine when 
used in this xvay' because the basal meta- 
bolic rate may' be brought to zero or lower, 
and also because it is equally' effective in 
both ty'pes of toxic goiter. In our experi- 
ence, iodine has not been highly satisfac- 
tory' in the preoperative treatment of 
patients with toxic adenoma, and also in 
many cases with the exophthalmic type, 
especially w'hen it has been previously' 
administered, or possibly' wlien the pa- 
tients have ingested iodized salt over a 
long period of time. In only' 1 patient in 
our group of SO has the B.M.R. failed to 
fall to below zero following the adminis- 
tration of the drug. In this patient, IS 
years of age, the lowest B.AI.R. was -f 9%. 
The importance of the reduction of the 
basal metabolic rate to normal before 
thyroidectomy is performed is recognized 
by all physicians who have had experience 
in this field; it is especially emphasized 
by the observation that when such patients 
are "iodine resistant” the operative mor- 
tality rate is 24 times higher than in the 
patients in whom a satisfactory result has 
been attained by the use of iodine before 
thyroidectomy was performed.” Further- 
more, it is recognized that thiouracil may 
prove, in certain instances, to be the 
treatment of choice in i)atients with toxic 
goiter. Further conclusions concerning 
this will be presented in a subsequent 
paper now in preparation.* 
in J. Am. .Med. A^^n.. 131, 7.15. 1916. 
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The most serious objection to the use 
of the drug is the occasional occurrence 
of agranuIocji:osis which may terminate 
fatallJ^ It is our belief, however, that if 
this complication is kept in mind and 
detected at the earliest possible moment, 
then prompt discontinuance of the drug, 
and institution of penicillin therapy should 
avert a fatal issue in all instances. Never- 
theless, it must always be recognized as a 
dangerous complication, and the patient 
should be instructed to report to a physi- 
cian for a blood examination when even 
the slightest warning symptoms appear. 

Summary. 1. Ten fatal cases of agranu- 
locytosis occurring during the administra- 
tion of thiouracil have been collected from 
the literature and b5’’ personal communica- 
tions. They reveal a common pattern 
when analyzed which gives definite clues 
to follow in the pre^'ention of fatalities 
due to this complication. 

2. The most satisfactory method of 
preventing fatalities from agranulocytosis 


is to warn the patient who is taking 
thiouracil to discontinue the drug prompt- 
ly following the appearance of fever with 
or without sore tliroat, skin rash or aden- 
opathy. If a white blood cell count and 
estimation of the neutrophil percentage 
shows a significant depression of the cells, 
then penicillin should be administered im- 
mediately until such time as the blood 
count becomes normal again. 

3. Thiouracil therapy may then be re- 
sumed but it should be recognized that 
there is a definite risk of recurrence of 
this agranulocytic reaction. 

4. Other complications requiring thy- 
roidectomy ultimately are febrile reactions, 
relative thiouracil resistance, nodular thy- 
roid, large goiter, and failure of the patient 
to cooperate. 

5. The remaining complications occur- 
ring during thiouracil administration ordi- 
narily do not require more than temporary 
cessation of the drug. 
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STUDIES ON THE PENETKATION OF SULFONAMIDES INTO THE SKIN 

HI. Penetration of Sulfanilamide and Sulfathiazole Into Intact and 
Injured Skin of Guinea Pigs From Various Vehicles, Including 
Polyethylene Glycols ("Carbowax”)* 

By William G. Clark, Pii.D. 

ABSI8TANT PROFESSOR, DEPARTMENT OF ZOOLOGY, UNIVERSITY OF MINNESOTA 
MINNEAPOLIS, MINNESOTAf 


In tlie first 2 papers of this series 
the effect of time of application of water- 
in-oil (W/0) and oil -in-water (OA^O. 
representative ointments upon penetra- 
tion of different concentrations of sulfon- 
amides, was studied in intact skin of 
guinea pigs and humans. Concentration 
of sulfonamide had little effect, whereas 
longer times of application increased pene- 
tration. A few experiments were reported 
on penetration into injured skin. Tlic 
more soluble sodium sulfacetiraide pene- 
trated more than sulfanilamide (SNA), 
sulfathiazole (SAT) or sulfadiazine (SAD). 
Wet packs with a detergent gave greater 
penetration than' anj' of the ointment 
bases .studied. In injured skin, prelimin- 
ary studies showed that the concentration 
of sulfonamide as well as time of applica- 
tion determined the extent of penetration. 

Since the first 2 papers of this scries 
appeared, .several workers have reported 
on penetration of sulfonamides. Many 
workers have studied sulfonamide libera- 
tion and diffusion from various ointments, 
by utilizing the cup test against bacterial 
plate cultures, or qualitative or quantita- 
tive determination of the concentration of 
liberatctl sulfonamides in an aqueous 
pha.se.' These methods are open to 

criticism if not compared directly with 
in vivo experiments, particularly when 
applied tii skin, .since the skin barriers 
!ire multiphase systems and jire not 
strictly comparable with aqueous solutions. 


Other investigators lia ve used blood levels 
as a measure of the penetration of topicallj' 
applied sulfonamides.^''"'' This technique 
does not reveal local concentrations at- 
tained by sulfonamides liberated from 
various vehicles, and at best relates rela- 
tive rates of penetration. If compared 
with local tissue concentrations, however, 
it yields valuable information. 

Various new methods have been used 
to investigate the penetration of drugs. 
Johnston and Lee'’ suggest radioactive 
tracer compounds to follow skin absorp- 
tion. IMacKee, Herrmann, Baer and 
Sulzberger*' ■** introduced a method for the 
histochemical detection of sulfonamides 
and other drugs in the skin after topical 
application. The method involves gas- 
eous fixation to avoid di.splacement of 
drugs in ti.ssues by diffusion. TJie method 
identifies loci of penetration but does not 
permit quantitative assessment of the 
amount of penetration although it does 
permit qualitative estimates. Later the 
same workers,*'' using such techniques, 
dc.scribcd the effects of surface active 
agents, vehicle effect, solubilizers and 
coupling agents on the course of penetra- 
tion, and e.stimatcd the degree of pene- 
tration of sulfonamides into the intact skin. 

Helander,"'" by frcezing-lyophilization 
fixation and fluorescent microscopy of tis- 
sue sections, was able to identify loci of 
jienetration of sulfonamides into ti.ssues. t 
Tlie.se techniques do not quantitatively 


* Tlio (lo-rnlx'd in ttii'- jwpor mm.'! done partly umlor .n rontract reronimendcd by the Committee 
on Medical Re-enreh. Ix'tween the OfTice of Seientifie Re-earch and Development .and the Univon-ity 
c>{ Minne-ota. It .oLo was aided by a prnnt from the IVc-'twood Pharmac.tl Corporation, Buflalo New 
York, throiich the aid of .Mr. diaries A. Orl.as^en. Re-earch .Advisor, 

t New address; Department of PharniaeoloiO", .‘School of Medicine. Uniwn-itv of f^outhern C.alifornia 
L's .VUEctc' 7. California. 

J MieseherU de'criKs] similar technique-, for idenlifyinc penetration of .sub-tance' other than s.jl- 
fonandiles into intact skins of frninea pips. 
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measure the amount of penetration, al- 
though they yield useful information on 
the course of penetration and a qualita- 
tive measure of its extent. 

Woodard et on the other hand, 

evaluated the penetration of sulfonamides 
into intact rabbit skin by direct chemical 
analysis of skin biopsies, as 'vrell as by 
blood and urine analysis. The effects of 
time of application, concentration of sul- 
fonamide, vehicle and surface active 
agents were studied. Glycol bases as 
sulfonamide solvents were superior to 
the usual W/0, 0/^V, fatty or jellj'^ bases. 
In agreement with the first 2 reports of 
the present series,®®’’^ they found that 
concentration had little effect (5% SAT 
gave as much penetration as 20%) and 
that penetration increased with time. 
Studies on injured skin were not reported. 

Much has been nritten on penetration 
of sulfonamides into Avoimds. Hawking'®-” 
studied penetration into adjacent tissues 
and blood of crystalline SNA and SAT 
locally implanted in wounds, as well as 
comparing in vitro with in vivo studies of 
penetration of SNA from various ointment 
bases,® Waud” determined the concen- 
trations of SAT at different levels of 
muscle underl.\'ing the skin of rabbits, 
when various concentrations of S.4T were 
implanted subcutaneously in different 
bases for various times. Penetration was 
found to be dependent upon time, con- 
centration and the type of base. Water- 
soluble or 0/^V emulsion bases gave bet- 
ter penetration tlian W/0 or oily bases. 
In no event did the tissue concentration 
e.xceed 5 to 6 mg. per 100 gm., and the 
concentrations of SAT in the tissue be- 
yond 2 to 3 mm. in tlie muscle were less 
tiian if the S.-1.T were administered orally. 
This is in agreement witli Hawking,” who 
found that SAT does not penetrate mus- 


cle tissue more than 2 to 3 mm. before it 
is swept away by blood. When the circu- 
lation is impaired, as in gangrene, the 
local tissue concentrations may reach 
much greater levels, as shown by Reed 
and Orr.®® 

Wound exudates contain nearly the 
same sulfonamide concentration as blood, 
after oral administration;®* thus the levels 
are necessarily lower than can be obtained 
by local application if the blood does not 
sweep away the drug. 

The present study had for its aim an 
extension of the studies on penetration of 
sulfonamides into injured skin from vari- 
ous vehicles, noting particularly the effects 
of concentration, time of application and 
the nature of tlie vehicle. Emphasis has 
been made of tlie polyethylene glycols 
(“ Carbowaxes ”) as vehicles in various 
forms because of their low toxicity * and 
because of their high solvent powers for 
the sulfonamides. Yonkman et 
describe propylene glycol as a non-toxic 
solvent for high concentrations of sulfon- 
amides, and since then this glycol has 
been used in surgery.® The use of propy- 
lene gl^'col led to the study of the less 
toxic higher glycols. Appleby® dissolved 
high concentrations of SNA in propylene 
glycol and in a mixture of propylene gly- 
col and trietln-lene glycol, and used such 
solutions, along with urea, in veterinary 
surgery. At tlie present time, the poly- 
glycols such as the polyethylene glycols 
(“Carbowaxes”®) are finding more use in 
dermal cosmetic preparations®' and as 
ointment bases.'®-®® The solubility of sul- 
fonamides in these substances is higher 
than in any other non-toxic c.xcipient yet 
described. S.VT and SN.-V make solutions 
of 15 to 25% in these water-soluble 
“wa.xes.”f Moreover the addition of 
either SNA or SAT in the form of aqueou-’ 


• The tovicity of plycols decrease with increased molccuh-ir «cip:ht.“ and the cI}-coI“, partiruJ-irly ^ 
polyftlycols have a very low toxicity.* • i: i» « « » ” The hichcr rI.vcoI polj-mei^ ('*CarI>o«.-ix lo ^ 
1540. 4000”)* have nearly no local toxicity on intact skin, and low irritating quahtie-- on muco-i nr.'l t ‘ 
pyp jcK and do not impair cpithclization of nounds.* ” , 

t' .Vpproximate solubilitic-- of SX.V and in C.arhonaxei at room temiiorature (data ‘Uli,'' > 

by the tVcstnood Pharmacal Corp.:) 

SoI\-cnt Cbtoc-l.vm Chsx-tCKO 

Solvent conen.. % (aq. ‘ol) 100 90 80 05 50 80 70 CO -Vi 

c- SAT 21 7 21 in II 

eVA 15 20 17 & 4 14 10 . 4 
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solutions in 50% Carbowax 4000® effects 
higher concentrations of these drugs in 
blood serum than does the addition of 
either SNA or SAT in the form of powders, 
as well as afford greater bacteriostatic 
action against S. aurcm* 

Methods. 1. The techniques of applying 
the ointments to normal and abrasedf skin 
of guinea pigs held in confining cages, t and 
the method of analysis of skin biopsies, was 
described in the first 2 papers of this ser- 
ies.®® The work of Woodard et already 
described in the introduction above, included 
a technique of biopsy analysis essentially 
similar to our pre\nousl 5 ’^ reported methods, 
as confirmed by personal conununication 
with Dr. R. B. Smith, Jr.,®® of the Food and 
Drug Administration. 

2. Sulfonamides. Only SNA and SAT 
were studied, in concentrations ranging 
from 1 to 30%. 

3. Timcof Applicadon. From 0 to G hours. 

4. Site of Application. Since there were 
large individual variations from animal to 
animal, due presumably to skin and abra- 
sion* differences, the data were considered 
more significant when one or more variable 
was appropriately controlled in the same 
animal. If, for example, SAT concentration 
was the variable, this variable was con- 
trolled on the same animal, keeping vehicle 
and time of application, as well as the con- 
dition of the skin a constant. If 10% SAT 
gave more penetration than 5%, the number 
of times it exceeded 5% was considered a 
better basis for comparison than the actual 
tissue concentrations found, if comparisons 
were to be made between different animals 
and between different experiments. 

5. Biopsy Analysis. The method of 
biopsy has been described previously.®®’® 
Usually 2 to 4 animals were used per experi- 
ment. At least triplicate tissue aliquots 
were analyzed from each biopsy, and in some 
cases () to S per hiop.^y. The cxjrcriments 


were repeated at least once, and in some 
cases several times, as indicated by the 
columns “Expt. No.” and “No. of analj'ses” 
in the tables. 

6. Bases and Reagents. In the first 2 
papers of this series, OfW and W/0 bases 
were compared, and in a few cases, wet packs 
with detergents. In the present report, the 
bases studied are listed below: 

“Hydrosorb” (Abbott): W/0 base con- 
sisting of oleic acid, white petrolatum and 
oleic acid esters and amides of diethanol- 
amine. The sulfonamides were incorporated 
by tile and spatula. 

Base 104, W/0: “Aquaphor” (Duke), a 
W/0 base consisting of alcohols and chol- 
esterol esters in petrolatum, 45.5%; Carbo- 
wax 4000,® a polyeth 3 dene glj'col of approxi- 
mate mol. w't. of 3600, a water-soluble waxy 
solid, 45.5%; water, 9%. Heated and emul- 
sified as cooled. Sulfonamides di.ssolved in 
the Carbowax-water phase bj*^ heat before 
emulsifying with Aquaphor. 

Carbowax 50, 50 % :§ 50 % aqueous Carbo- 
wax 4000, containing desired concentration 
of sulfonamide, dissolved with heat. A solu- 
tion, applied as wet packs, wetting ever}’’ 
30 minutes or so. Cover packs with waxed 
paper. 

Carbowax 1 500, 50 % : Same as above, bu t 
using Carbowax 1500 instead of 4000. 

Carbowax 70-30: Carbowax 4000, 70%; 
Carbowax 1500, 30%. Carbowax 1500 is 
a mixture of pofyetlylene gfycols of an 
average mol. wt. of 1250, containing equal 
parts of Carbowax 300 (hexaethylcne glycol) 
and Carbowax 1540.® It is a soft, translucent 
substance with the consistenej' of petrola- 
tum. Sulfonamides dissolved with heat. 

Carbowax 80-20: Carbowax 4000, 80%; 
Carbowax 1500, 20%. Too stiff alone, but 
plasticized ly addition of SAT. 

Carbowax 19-75: Carbowax 4000, 75%; 
Carbowax 1500, 19%; water, G%. 

Base 121 {OfW): Carbowax 4000, 55%; 
white petrolatum, 30%; “Arlacel-C” (Atlas 


Summ.^ry of Lilwratory reports supplied by the \Ve.«twood Phami.'ic.ol Corporation, 
t .-Vs de.serilx-d previously, the depil.atated akin w.is uniformly and severely abraded with floorinc 
saiulp.aper. Scalpel .«cratche.s and cut.*?, ns well as abrasion by .'.■andpapor. arc difficult to reproduce. 
Recent .attempt.s indicate that it is fe.a.sible to produce a uniformly deep denuded epithelium by the 
U'-e of a 4 inch Pndcott Dermatome,-® u.«ed in oblaininR donor prafts (Kansas City .-Vs.<.embl.ace Co., 
000 1', 17th St.. Kansa*; City, Mis.-iouri). The Dermatome first is covered adth adhe,'ivc tape of the 
width desired for the denuded area, then covered with Dermatome cement. The skin is clipped, 
shaved and depnatate<l with .a p.aste made by mixinc water with 20 parts starch. 20 part.s line oxide 
and 00 part.' of strontium sulfide. Tlie skin aRo is eovererl witli a layer of Dermatome cement. The 
Dermatome knife should lx? made of hard steel and must lx? verj- sharp. 

t Other restniininp devices, for lonp duration experiments on small animals have Ixyn described.* 

§ "VVesthiaiole*' bivse. 
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Powder Co.; an emulsifier, one of the long 
chain esters of the hedtol inner ethers), 5%; 
water, 10%. Emulsified at 55° C. Sulfon- 
amide dissolved in Carbowax phase. 

Base 121A: Same as 221, but increase 
Carbowax to 58% and decrease water to 7%. 

Base 101 (0/1^0 • Carbowax 4000, 19%; 
Carboivax 1500, 29%; white petrolatum, 
29%; stearic acid, 19%; sodium laurjd sul- 
fate, 2 %; water, 2 %. Sulfonamide dissolved 
in Carbowax. Stearic acid dissolved in Car- 
bowax. Water plus laurjd sulfate emulsified 
with petrolatum plus Carbowax phase, 
while warm. 

Base 102 (0/W): Carbowax 4000, 16%; 
Carbowax 1500, 25%; white petrolatum, 
38%; stearic acid, 16%; sodium laurjd sul- 
fate, 2%; water, 3%. Handled same as 101. 

Base B (0/P^: (Similar to Base B de- 
scribed in &st paper of this series.) Liquid 
petrolatum, 41%; corn oil, 2%; triethanola- 
mine, 1%; stearic acid, 3%; cet 3 d alcohol, 
2%; water, 51 %. 

5% "Methocel" Gel; (5% Methocel 
(Dow) in water. Methocel is methjd cellu- 
lose. The tj'pe used was Dow 4000CPS.) 
50 cc. water brought to a boil in beaker. 
Add 2.5 gm. Methocel and wet thoroughh'. 
Place beaker in brined iced water and cool, 
stirring carefully to avoid bubble forma- 
tion. Just before mixture gels, add 5 cc. 
Ehrlich's reagent* and mix. Pour ca. 18 cc 
into large test tube and gel in iced water. A 
stiff, water-transparent gel results which turns 
j'ellow on addition of sulfonamides. 

Locke’s agar with Ehrlich's reagent: (Used 
bj' Lum-“ for sulfonamide diffusion experi- 
ments.) Agar 40 gm.; HaCl, 9 gm.; KCl, 
0.2 gm.; CaCb, 0.2 gm.; water to 1 liter 
To each 100 cc. liquid agar add 1.25 cc. 
Ehrlich's reagent just before pouring into 
tubes. 

7. In Vitro Diffusion Experiments. Effects 
of time of diffusion, sulfonamide concentra- 
tion, and vehicles. SAT, 1 %, 5%, 10% and 
30% in Aquaphor, Base 121, Base 104 and 
Carbowax 70-30, and as a pure powder or 
10% aq. suspension of powdered or “Micro- 
crj-stalline” SAT,t were studied, with rc,«pect 
to rate and relative intensitj’ of diffusion, 
in 4% Locke’s agar with Ehrlich’s reagent. 
The }-ol!ow color with Ehrlich's reagent, 
wlicn viewed through a blue filter appears 
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as a bright orange or red. A Wratten filter 
combination jof maximum absorption of 
4300 to 4700 A was used, and a light source 
concentrated through a slit and lens sj’stcm 
illumiaated the tubes from behind. The agar 
or Methocel gels were contained in 6 inch 
test-tubes and the sulfonamide prep.irations 
placed on top. The tubes were incubated 
at 37° C. and observed daily for C to S days. 
In a second experiment, instead of using 
agar (not transparent, slightly' j'cJlow), a 
water-transparent Methocel gel was used. 
A wet cotton disk diffusion barrier was placed 
between the gel and the sulfonamide prepa- 
ration. SAT, 1%, 5% and 10%, was in- 
corporated into Carbowax 70-30, Base B, 
Base 104, Aquaphor, and as a saturated 
aqueous solution. 

Results. 1. Effect of Sldn Injunj on 
Penetration. Table 1 and Figure 1 sum- 
marize the results of 6 experiments on IS 
guinea pigs, in wliich 207 biops.v analyses 
were performed. SNA and SAT, 10 and 
20%, suspended in H.vdrosorb and dis- 
solved in Carbowax 70-30 or Carbowax 50, 
were applied for 4 lionrs to normal and 
abrased areas on the same animals. 

Abrasion increased the penetration of 
both SNA and SAT from Hydrosorb 1 to 
4 times, whereas it increased penetration 
from the Carbowax mixtures 3i to 9 time.s. 
In ever 3 " case the Carbowax increased the 
abrasion effect more than Hydrosorb. 
The average skin concentration ranges 
were 7 to IS mg. per 100 mg. skin for 
normal skin and 17 to 85 mg. per 100 gm. 
for abrased skin. 

2. Effect of Time, of Application. In 
all cases abrased areas were used. S.VJ 
(1, 5, 10 and 30%) was used in Ba.sc 101. 
Only 1 concentration of SAT was uscfl on 
anj' 1 animal, and was applied for 1 and 
for G hours to tliis animal. Table 2 and 
Figure 2 summarize the rcsnit.s. 

It is seen that for B;jse lO-l, 0 hours 
application gives onl.v a%'. 1.4 times 
greater penetration than I hours applic-'i' 
tion, and that concentration has little or 
no effect on this difference. Table 3, di-'- 

am.; lOTinC! (U..S.P. 2.3.0 re. rrynr. HCl in 


♦ p-Dimothy!aminof)cnz.ilc?cIiyt)e (E.n5tm.Tin), 1.57 
100 CO.), 20 cr.; iv.itor, to 100 cc. 

I Fmith, Kiine & IVcnch L-iboratoriw, PhiLidcIphia. 
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cussed below, illustrates the same thing It is seen that only I % SAT gives 
but in a different mode of expression. markedly less skin concentrations than 
3. Effect of Concentration of Sttlfori- 30%. Tlie tissue concentration ranges 
amide. SAT in Base 104 was applied for increase with concentration but are above 
] or for 6 hours to abrased skin. The an average of 100 mg. per 100 gm. with 
concentrations compared in any 1 animal 10% SAT even witliin 1 hour. It is con- 
were 30 versus 1%, 30 vcr.s7is 5% and eluded that although concentration in- 
■30 ver.sus 10%. The re.sults are summar- creases penetration, 5% SAT is as effec- 
ized in Table 3 and Figure 3. tive bacteriostatically as 30%. It is 

Table 1. — ErrECT or Skin iNJirny on Penetration of Sulfonamides from Hydrosorb 

AND CaRBOWAX 


Variable Av. Tissue siilf. conen. 



No. 0. 

No. 

Sul/. 

u'^ed 



pivins 

of 

(rag./lOO pm.) 


Exp. 

piKS 

nnal- 

ntul 

BaRe 

Hrs. 

Rreatest 

times 




No. 

used 

J’ROS 

conen. 

applied 

applied 

pcnctr. 

greater 

Range 

Av. 

21 

3 

18 

SNA, 

10% 

IlydrORorb 

4 

-Abrased 

1.1 

Normal 

7-20 

31.5 










Abrased 

10 20 

17.0 



18 

SNA. 

10% 

Carbowax 70-30 

4 

Abrased 

3.7 

Normal 

5-14 

8.0 










.Abrased 

18 38 

20.0 

22, 23 

0 

18 

SNA, 

10% 

Hydrosorb 

4 

Abrased 

2.1 

Normal 

11-15 

12.5 










-Abrased 

23-33 

20.5 



35 

SNA, 

10% 

Carbowax 1500 

4 

Abrased 

7.5 

Normal 

0-35 

31.0 






50% 




Abrased 

31-200 

85.0 

24. 20 

7 

30 

SNA, 

20% 

HydroRorb 

4 

Abrased 

1.5 

Normal 

10-22 

18.0 










Abrased 

22-59 

30.0 



39 

SNA, 

20% 

Carbowax 70 30 

4 

Abrased 

3.5 

Normal 

13 20 

18.0 










•Abrased 

40-140 

71.0 

2f> 

2 

20 

SAT, 

20% 

Hydrosorb 

4 

Abrased 

3.9 

Normal 

7-9 

8.0 










Abrased 

21-40 

33.0 



20 

SAT, 

20% 

Carbowax 70-30 

4 

Abrased 

9.4 

Normal 

0-9 

7.0 


Abrased 40-100 70.0 


SAT 
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interesting that Woodard cf al.^- found 
that 5% SAT gave as much penetration 
as 20% in intact skin of rabbits', in agree- 
ment with previous reports,®®-®' which 
showed no greater effect with 10% SNA 
than with 1 % in skin of guinea pigs 
and humans. 

Table 4 compares the penetration of 
1 and 30% SAT from other bases than 
Base 104. 

4. Effects of Bases, (a) Normal Skin. 
20 % SNA in Hydrosorb and in Carbowax 


70-30 was applied for 2 hours to the same 
animal. Table 5 summarizes the results. 

It is seen that there is no difference in 
penetration into normal skin from Carbo- 
wax than from Hydrosorb, witliin 2 hours. 
From the results previously reported,®®-®® 
it was shown that penetration of 10 % SNA 
from H^’drosorb into intact guinea pig 
skin was greater after 4S hours than after 
24 hours. Presumably in * intact skin, 
2 hours application does not suffice to 
cause vehicle differences. This may cx- 


T.\bi.e 2. — ErrecT or Ti.mi: or Apw-icatiost on PEKETJunox or SAT Into Injvbed Skis 


E.Tp. 

No. G. pigs 

No 

Fbom Base 104 

Variable 

piving 

create5t 

A\'. No. 
of tiir.f 

Tissue fulf. conen. 
(mp./iOO gm.) 

No. 

used 

anal.v.ses 

SAT. conen. 

penetr. 

groat or 

Range 

.5V, 

38, 30 

7 

42 

1% 

6 hrs. 

l.S 

1 hr. 13-38 
e hrs. 19-74 

2.5 

33 

40, 41 

8 

45 

5% 

6 hrs. 

1.9 

1 hr. 15-186 

8 hrs. 29-286 

65 

122 

42, 43 

7 

42 

10% 

6 hrs. 

0.8 

1 hr. .53 208 
Chrs. 28-413 

119 

I7I 

34, 43 35 209 30% 

^^ariablea compared: 6 hrs. application ts, 1 hr. 

6 hrs. 

1.3 

1 hr. 37-405 

G hrs. 49-815 

174 

271 
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phlin tlie difference between the present 
results and those previously reported/®*^' 
as well as those described by Woodard 
rt who found glycol bases to give 
greater penetration than all other bases 
they tested. Their application times were 
e.xtended up to 24 hours, as compared 
with 2 hours in the present study. 


{h) Injured Skin. 10 to 30% SNA in 
Hj'drosorb, Base 104 or Carbowax 70-30 
was applied for 1 to 6 hours to abrased 
skin. In any 1 animal, all variables were 
kept constant e.xcept 2 different bases. 
Table 6 summarizes the results. 

Base 104, containing Carbowa.x, gave 
greater penetration than Hydrosorb, and 


Table 3. — Effect of Concentration' on Penetration of SAT Into Injured Skin 

From Base 104 

Vnriable Tipsue Mill, conrn. 


Exp. 

No. 

Variables 

compared 

No. G. 

piRS u.scd 

No. 

annlj'fc.*) 

Hr.*!. 

applied 

Riving 

greatest 

penctr. 

•tv. No. 
of timc.s 
greater 


(mg./lOO gm.) 

Range 

.\v. 

38, .sn 

J vg. 30% 

7 

42 

1 

.30% 

8.8 

1% 

.30% 

13 38 

04 3.50 

25 

208 

3S, .'«• 

1 r». 30% 

7 

42 

0 

30% 

0.7 

1% 

.30% 

10 74 
210 08.5 

33 

.348 

40. 41 

5 ra. 30% 

8 

33 

1 

ao% 

1 .0 

.3% 

30% 

l.i 180 
37-418 

05 

15.5 

10, 41 

a re. 30% 

8 

20 

r, 

.30% 

1.0 

.5% 

30% 

20-280 
78 -.588 

122 

184 

42. 43 

10 m. 30% 

7 

42 

1 

30% 

0.8 

10% 

30% 

53 208 
73 300 

no 

152 

42 40 

10 m. 30% 

20 

in 

G 

30% 

1..5 

10% 

30% 

13-413 

41-550 

114 

230 


M 5 % skin 
coMCM 
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pure Carbowax gave greater penetration 
than either Base 104 or Hydrosorb. Thus, 
as the concentration of Carbowax increas- 
ed, the penetration increased. 

5. In vitro Diffusion Evpcrimmts. Fig- 
ures 4 and 5 depict the results of the 
diffusion of SAT into agar and into 
Methocel gfcl. 

The results show: (1) The rate and 
amount of diffusion of SAT from the dif- 
ferent preparations was as folloivs: Car- 


bowax bases > Carbowax— grease bases > 
aqueous solutions, powders or 0/4V bases > 
W/0 bases (Aquaphor, Hydrosorb). (2) 
The rate and amount of diffusion of SAT 
from Carbowax alone, independent of con- 
centration, is due to Carbowax itself dif- 
fusing and carrying dissolved SAT with it. 
Tins is indicated by the fact that color 
standards of SAT showed much less in- 
tense color for saturated aqueous solutions 
of SAT tlian the diffusion fronts in the 


Table 4.— Effect of Concentr.\tion ok Pexetration of SAT Ikto Injdbed Skin Fbom 

Va Blows Bases 


Exp. 

No. 

29 

30 

31 

32 

33 


Variable Av. No. 


Tissue sulf. eonen. 


Variables 

compared 

1 rj. 30% 
lrs.30% 
lr».30% 
Ira. 20% 

lcj.20% 






givmR 

of 

(mg./lOO gm.) 

No. G* 

No. 


Hrs. 

greatest 

times 




Av. 

pjps 

analyses 

Base 

applied 

penetr. 

greater 

Knngc 

2 

12 

Cnrbowa.x 

2 

30% 

G.O 

1%, 

22-55 

40 



19-75 



30%, 

144-330 

237 

0 

10 

Carbow,a.x 

0 

30% 

8.5 

1%. 

13-18 

10 



70-30 



30%, 

100-100 

135 

2 

0 

Carbowax 

1 

30% 

23.2 


21-27 

23 



80-20 



30%. 

330-790 

500 

2 

12 

101 

1 

20% 

20. 0 

1%. 

11-13 

12 






20%. 

210-400 

305 


0 

101 

6 

20% 

29.8 

1%. 

20-31 

30 






20%, 

880 900 

803 

3 

18 

102 

1 

30% 

3.0 

1%, 

30%. 

3 .vno 

155-200 

48 

ICO 


18 

102 

C 

30% 

14.0 

1%. 

35-51 

48 





30 /c» 

120 800 

017 


Esp. No. 

12. 15. 10. 18 

13. IS, 24, 20 


Table 5.— Effect of Bases ok Pf..vetil4tion of SNA Into Nobmal Skin 

Ba'c 

givinc .'Vv, No. 

greatest times 

penetr. greater 


No. G. 
pigs 


No. _ 
anaU sis 


10 


12 


01 

80 


Carbowax, 70-30 
Hydrosorb 


0.7 

0.4 


Bas‘'.s compared: Carbowax 70 30. Ij>drosorb. 


Tissue BiiU. co:ien, 
(tng./lOOgm.) 


Kange 


Carbowa.x, 3-17 
Hydroearb. 2-24 

Carbowiix, 1-20 
Hydrosorb. .1-22 


Av, 


10. .5 

7 >.0 


13.0 

14.0 


Table 6. — Effect of Bases on Penetbxtion or Sclfonamides Into Injvbep Ski.n 


Bate Tissue pulf. 

Sulf. giving Av. No. (:ng./100 grn.) 


Exp, 

Ba*:es 

No G 

. No. 

and 

Hr«. 

j:rpate*»t 


Banpe 

Av. 

10-38 20 

10-20 17 

No. 

compared 


analji'c** 

eonen. 

applieil 

penetr. 

greater 

21 

H>ilro^orh 

3 

IS 

SNA 

4 

Carbowax 

1.5 

Carbowax 


Carbowax, 70-30 



10% 




n.\dro‘Ofb, 
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tubes with Carbowax-containing bases, 
and by tlie fact that the diffusion from 
30% SAT is slightly less than from 1, 5 
or 10% SAT, due probably to the fact 
that there is relatively less Carbowax 
vehicle to carry the SAT. The diffusion 
of SAT from Aquaphor and Hydrosorb 
was bacteriostatistically insignificant (less 
than 0.5 mg. per 100 cc.). (3) In agar 
the concentrations of SAT in Carbowax- 
grease base mixtures (Base 104, 121, 
121 A) determine the rate and amount of 


diffusion up to 10%, at which concentra- 
tion the values are the same as for Carbo- 
wax alone. This probably is explained 
by the fact that since Carbowax is present 
in Base 104, 121 and 121 A in the amount 
of 45 to 55%, increasing the concentra- 
tion of SAT in these bases causes more 
SAT to diffuse into the agar in the Car- 
bowax as a carrier. Carbowax diffuses 
faster than SAT, but the diffusing Carbo- 
wax concentration becomes lower, until 
after 48 hours the SAT carried in the dif- 
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fusing Carbowax becomes effectually as sion. The INIethocel permits Carbowax 
low in concentration as that diffusing to diffuse carrying SAT with it at a 
from aqueous solutions. Hence the slopes constant rate, hence the more Carhowa.x. 
of all the curves are similar after 4S hours.* the greater tlie rate throughout the period 
In Alethocel, diffusion from 0/W Base B of observation, unlike agar, which showed 
and Carbowax-grease Base 104 is the this only during the first 4S hours, 
same at 1 and 5%, but at 10% tlie diffu- Cup plate tests with S, aurem showed 
sion from Base 104 is greater than an the same thing as the above diffusion ex- 
0/l^' base. In JMethocel, anj-^ addition of periments, with certain exceptions. S.\T 
grease to CarboM'ax impaii-s SAT diffu- (1, 5, 10 and 30%) in Carbowax 70-30, 



ITo. .■». — H.ntf of cliffii'ioti of SAT into Mrtlioool rp! from v.-irioii*) 

* Tlie eireption in tlie m--e of .Vqu.nphor ront.'iminc :i’Kc F.tT enri l»- eJpI.Tiiie<l liy tiiK-ert* ''■> 
the ren'lifiKu, -•"i.nre the color iiiteti'itie' ncre verj' Jow. 
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Base 104, Base 121 and Hydrosorb were 
compared with respect to inhibition zones. 
Base 104, Base 121 and Carbowax 70-30 
gave quite similar zones, whereas Hydro- 
sorb gave negligible inhibition, as could 
be predicted from the agar diffusion ex- 
periments. The fact that the amount of 
Carbowax in a base determined the 
amount of diffusion in the gel e.xperiments 
and in vivo, while it seemed to have little 
effect in the cup tests, illustrates one 
danger of application of results of agar 
cup plate tests to in vim conditions, espe- 
cially skin. Fuller ri al.^ showed that in 
viiro diffusion experiments gave similar 
results as muscle diffusion experiments, 
but this does not mean that skin would 
be similar. 

Discussion. \Yliether 0/W or W/0 type, 
the base and concentration of sulfonamide 
has little effect on penetration into nor- 
mal skin. Pre\'’ious work'"^'®" showed the 
same thing, but that time of application 
after 1 to 2 days luid some effect. Other 
workers have shown that surface-active 
.substinces break down the skin barriers 
to some extent.-* 

In injured skin, the type of base and 
the concentration of sulfonamide deter- 
mine the penetration. Carbowax is an 
excellent vehicle for sulfonamides becau.se 
of its low toxicity, great solvent powers 
for sulfonamides and its high penetration 
properties. 

Penetration into injured skin j)robably 
is not significantly increased bacterio- 
statically from concentrations greater than 
10*;, as indicated from both the in vivo 
and in rilro experiments. 

In injured skin, the type of base deter- 
mines penetration. Carbowax })robably 
gives greater penetration than aqueous 
solutions, O, W bases or sulfonamide pow- 
ders because the base itself penetrate.^, 
carrying the sulfonamide with it, and 
because Carbowax-serum mixtures dis- 
solve more sulfonamide than serum alone. 
PriH'ipitation from Carbowax into serum 
occurs as nltrafme mieroerystals, affording 
a further goiMl ri'servoir for })rotracted 
absorption. 
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The local concentration of topically 
applied sulfonamides attained in injured 
skin, using appropritite vehicles, exceeds 
those attained in most wounds presum- 
ably because the reservoirs supply the 
drug faster than the blood carries it away. 

In papers which will follow, the effects 
of various vehicles and sulfonamides on 
the rate of epitheliztition of Avounds and 
on contaminated Avounds Avill be described. 

Summary. 1. In vivo e.xperiments on 
guinea pigs ha\"e been performed, to deter- 
mine the penetration of sulfonamides from 
A’arious A^ehicles into intact and injured 
skin. In addition, in vitro diffusion experi- 
ments liaA'c been performed for a com- 
parison. 

2. Skin injury increased the penetra- 
tion of sulfonamides from a Avater-in-oil 
base (“ Hydrosorb ”) 1 to 4 times, Avhereas 
it increased penetration from polyethylene 
glycol mixtures (“ CarboAva.xes ”) up to 
9 times. 

3. Time of application, comparing 1 
hour Avith 6 hours, has very little effect 
on penetration into abrased skin from a 
“CarboAvax ’’-petrolatum base, and sul- 
fonamide concentration has no effect upon 
this difference. ^Maximum skin Ica’cIs are 
attained Avithin 1 hour or less. 

4. With respect to the effect of sulfon- 
amide concentration on penetration into 
injured skin from a “ CarboAA'ax ’’-petro- 
latum base, it is concluded that although 
concentration increases penetration, the 
increase aboA'e o% is not important. 
Ten per cent could be recommended as the 
maximum useful concentration. 

5. In normal skin, the type of A-chicle 
has no effect on penetration up to 2 hours 
application, but in injured skin pure 
“CarboAA’ax” mixtures gaA-e more penetra- 
tion than “CarboAvax ’’-petrolatum mix- 
tures AA'lnch in turn AA’cre superior to a 
W.'O base (“Hydrosorb”). 

6. In rilro diffusion e.xperiments sho\A‘cd 
that diffusion from A'arious cases folloAAX'd 
the progrcs.-^ion, "CarboAvax,”>“ Carbo- 
Avax j)Ius petrolatum >aqueous solutions. 
lAOAvders or O, W bases > W 0 bases (“ .-Vqu- 
aphor,” ” Hydrosorb ” Carbowax ” dif- 
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fuses into gel carrying sulfonamides with 
it. Very little dijffusion occurs from V'/O 
bases. 

7. Polyethylene gh'cols (“ Carbowa.v- 


es”) are excellent vehicles- for the sulfon- 
amides because of their low toxicity, great 
solvent powers and high penetration of 
sulfonamides from them into injured skin. 
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THE ADEENOTROPHIC, RENOTROPHIC AND CARDIOTROPHIC ACTIVITIES 
OF LYOPHILIZED ANTERIOR PITUITARY IN THYROIDECTOMIZED RATS 

By E. C. Hay, Ph.D. 

MONTREAIv, CANADA 

(From the Department of Anatomy, McGill University, and Institut do Mfidecine el de Chirurpie 

expCTimentalos, Universite de Montreal) 


It is now a well-recognized fact that 
thyroxine injected into various species 
will cause a proportional increase in kid- 
ney and heart size in relation to body 
weight.*'®'''-'^® Swann” showed tJiat the 
renal effeet is independent of the pituitary 
since it occurs in hypophysectomized rats 
to approximately the same extent as in 
the intact. On the other hand, several 
authors®-® '® have shown that crude ante- 
rior pituitary extraets can cause dispro- 
portionate but apparently normal growth 
of kidney tissue. This growth stimulation 
is presumably not associated with lutein- 
izing activity since Dill and Isenhour® 
found no efi'ect in the rabbit with doses 
of up to 7200 I.U. We (unpublished) have 
tested Prolactin* in rats in doses up to 
5 mg. a diiy for 7 days and found it inac- 
tive. On the other hand, a potent thjTO- 
trophic extract caused an increase in rat 
kidney size in the experiments of iMurphy 
ri a}.,"' and Cameron and Carmichael,' 
suggesting that the renal enlargement ob- 
tained with anterior pituitary extracts 
was an indirect efi'ect acting through the 
stimulation of thyroid liormonc produc- 
tioti. The experiments of Sclyc rf of.'® 
leaves no doubt that thyroid liormone 
enhiinccs the reno- and liepatotrophic 
activities of lyophylized anterior pituitary 
(L.;\.P.). The question arises as to 
whether in the absence of the thyroid, 
L.A.P. can still increase the ratio of kidney 
or he.'irt weight to body weight. 

'lo iju-estigate this problem the follow- 
ing experiments were performed. 

Experimental. Three experiments were 
earriid out. In the iirst, 28 male albino 


rats weigliing 140 to 170 grn. were thy- 
roidectomized and divided into 2 groups. 
Of these, 14 were given a total of 30 mg. 
of L.A.P. suspended in water in 2 subcu- 
taneous injections per day. To tlie other 
14, the same volume of water was admin- 
istered subcutaneously. The rats were 
killed 16 days after the first injection and 
the adrenals, hearts and kidneys were 
fixed in Suza and weighed. In Table 1, 
E.xperiment I, are given the average final 
body and adrenal weights for the 2 groups, 
and the ratios of kidney and heart weights 
to body weight expressed in terms of per 
cent, togetlier with the respective stand- 
ard errors. t The completeness of thy- 
roidectomy was confirmed at autopsy by 
careful inspection of the site of operation 
with magnifying glasses. 

It was not possible to employ as the 
criterion of completeness, the presence of 
th\Toidectomy cells in the anterior pitu- 
itaries of these animals, since the abundant 
ai^pearance of castration ceils interfered 
with their recognition. 

As will be seen from perusal of Table 1, 
Experiment I, L.A.P. caused a marked 
increase in body weight but no preferen- 
tial increase in heart or kidney weights, 
Tlicre arose, Jiowever, the question as to 
whether L.A.P. at this dose level and in 
this period of time would cause a propor- 
tionate increase in kidney and heart size 
in normal rats of approximately this size. 
Consequently a .‘^econd e.xperiment was 
performed. 

Two groups of 10 male, hooded rat.s, 
200 to 220 gm. in weight, were thyroidec- 
inmize<l and castrated. Two .similar 


* Kmtily Mii't'lK'd In- Dr. E. Srlivonk of llio .s'dioritiR ('«irjM)r:itiori of Bloomfield Xrn- .ler-ev 
t .s-.u. - .,^7 va: 

!) (ii - 1! 

Where ii i-. the n«mt>or of mt> mid d the devi.ition of the ol wned from ttic mesn value. 
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groups were merely castrated. One group given, and the inevitahle skin damage 
of thjToidectomized castrates and 1 group seen with large doses of crude protch) 
of normal castrates were injected with containing extracts, could account for the 
.30 mg. of L.A.P. subcutaneously for absence of somatic growth response. The 
16 days as in the previously described percentage of kidney and heart of body 
c.vpcriment. Kidneys, adrenals and hearts weight was greatly increased both in the 
were fi.ved and weighed while completeness presence and in the absence of the thyroid, 
of thyroidectomy was confirmed at autopsy though in the latter case to a somewhat 
as before. The data obtained are tabu- lesser degree. A lessened re.sponse to 
lated in Table 1, E.xperiment II. L.A.P. was exhibited also by the adrenal.'; 


Table I. — Adhekotrophic, Rekotrophic an'd Cardiotrophic Activities of L..t.P. ix 

Thvroidecto-MIzed Rats 


Eeperiment 

Mo. 

1 

Group 

.\o. 

1 

Ttcfttmoiit 

* Tr. — exp., L.A.P. 

Xo. 

ratiJ 

13 

rinul 
body 
wciirlit 
221 =tl2 

0 

Adrenal 

mg. 

40^} 4 

Averace orpiaii \\i 

% kitiney 
/B.W. 

0 79*0 01 

% Uf.irt 

/n.w. 

0 27*0 01 


2 

Tr.~e.xp., — 

14 

178* 4 

2 

33*1 

1 

0 SI*0 03 

0 30*0 0! 

n 

I 

Tr. — c.xp., L.A.P. 

9 

240* T 

0 

57 *5. 

2 

0 7S*0 05 

0 31*0 02 


2 

Tr.— exp.. — 

S 

214* 7 

9 

3S*1 

S 

0 80*0 03 

0 20*0 02 


3 

L.A.P. 

S 

250* 7 

9 

74*5 

1 

0 85*0 01 

0 .33*0 01 


4 

— — 

9 

220* G 

1 

37 * I 

5 

0 80*0 02 

0 29*0 01 

III 

1 

Tr. — c.xp,, L..A.P. 

5 

215* 7 

G 

9C*S 

1 

1 07*0 OS 

0 30*0 01 


2 

Tr.— exp., — 

0 

193* G 

1 

37*1 

S 

0 81*0 02 

0 20*0 01 


3 

~ L.A.P. 

T 

220* 7 

5 

133 *4 

7 

1 20*0 OG 

0 4C*0 01 


4 

_ _ 

S 

21C* 3 S 

33*1 

2 

0 85*0 Ot 

0 29*0 01 


♦ Tr. — e.vp. = Thyroidoctomized. 


Here again L..A..P. induced a marked 
increase in body weight in thyroidccto- 
mized rats but no increase in the propor- 
tionate weiglit of kidneys or heart. On 
the other hand there was an increase of 
only doubtful statistical significance in 
the proportionate weight of kidneys and 
heart in rats witii intact thyroids. Tims 
either the dose or the duration of treat- 
ment was inurlcciuate. 

I'iie thirtl experiment was similar to 
E.vpcrirnent II. It wa.s performed on 
4 groups of 10 castrated wliitc rats, 150 
to 175 gm. in weight, 2 thjToidectomizcd 
and the other 2 witii intact thyroids. The 
do.se of L.A.P. was raistnl to 6-1 mg. per 
tlay and the duration of treatment, in- 
creased to 21 days. Completeness of 
thyroidectomy wjls again checked at 
autop^y. The <lata obtaincfl i.s given in 
Table 1. ExiK'riment III. 

In thi' e.xpi'riment tlic body weight 
increasing activity of L..\.P. was not 
app.areiit. Perhaps at thi' do^c tin- 
amount of adremn'ortit'otropliif hormone 


in this and the previou.s c.xperiment . 
Tliis was to be c.xpcctctl on the basis of the 
findings of Sclye ti that in norma! 
rats thyroid hormone enhances the trophic 
effects of L.A.P. on kidneys, heart and 
adrenals. 

Thus, these experiments show that in 
the aljscnce of tlie th%'roifl. cardiotrnpliic 
and renotrophic effect.s of L..A.P. can he 
elicited. Thc.se respon.«cs are not due, 
therefore, to an indirect secretory stimu- 
lation of the thyroid gland which, through 
the thvToid hortnone would e;iiise kidney 
and heart cnlargemetit. Nor is tlie pre— 
ence of thyroid hormone e^sefI^iaI to the 
inei-hanLm whereby L,.-\.P. produce.- th'"'" 
trophic effects. It appears merely to en- 
hance the reactions involved. It remain- 
to Ik- seen whether the renotrophi'e effeet 
is <hie to adrenocorticotrojdiin, grov.th 
hormone, a .separate- principle, or a cf.m- 
hinatiofi of tin- known trophie prim-.p*-. 
Pertinent e.Tperinjents are no-.e iind'-r 
way. 
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Summary and Conclusions, Tlie reno- 
tropliic, cardiotropliic and adrenotrophic 
activities of lyophilized anterior pituitary 
(L.A.P.) in tliyroidectomized rats were 
ifivestigated. 

If an adequate dose of L.A.P. is admin- 
istered for a sufficiently long time, reno- 


trophic and cardiotrophic responses are 
statistically significant even in the absence 
of tlie thyroid. 

Adrenals, kidneys and heart appear to 
he le.ss sensitive to the trophic effects of 
L.A.P. in the absence than in the presence 
of the thyroid. 


Tlip expenbc.s of tliis invc-'^tiRation were defrayed through a grant received from tho DcsBergors- 
Bi.smol Foundation of Montreal, Quo. 
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ATABRINE AND THE ELECTROCARDIOGRAM 
By. Lt. Col. Harold D. Le\txe, jM.C., A.U.S. 

BOSTON', MASSACHUSETTS 
AND 

Mai. Hermax Erl.\xger, M.C., A.U.S. 

ST. LOUIS, MISSOURI 


A rece.vt electrocardiographic study,^ 
carried out in the field and limited to 
Leads IV R and IV F, ascribes a decrease 
in the amplitude of the A-arious electro- 
cardiographic deflections, especially the T 
wave, to atabrine in the dosage of 0.3 gm. 
daily for 1 week. Since the common de- 
nominator in all troops in the Southwest 
Pacific Area was the taking of atabrine, 
and since this alleged effect of the drug on 
the electrocardiogram might be confused 
with that of many of the diseases (malig- 
nant tertian malaria, tsutsugamushi fever) 
or drugs (emetine) being investigated, it 
seemed desirable to determine the effect, 
if any, of atabrine on the electrocardio- 
gram in a large number of individuals, 
both in so-called “suppressive” dosage 
and in the much larger “intensive” doses 
then being used for the first time. 

Procedure. Tlie records were rei’iewed of 
]{)5 patients ivho for one reason or another 
had had electrocardiogram.*; taken during 
tlie course of the administration of atabrine 
in theraiKJUtic or suppres-'^ii'c doses. The.sc 
studies were carried out from early 1043 to 
August 1944, at a numbered general hospital 
in Queensland, Au.'tralia, and concluded in 
1944 and 194.5 at another numbered general 
ho.'pital in Brifi.«h Xorthe.a.st Xew Guinea. 
In addition, a planned .serial elect rocardio- 
gra])hic .>;tudy was made on a group of 14 
volunteer medical and medical administra- 
tive officer.-' at the fir.-t hosjiital. 

In all instances the tracing.- were taken 
by the u-nal technique, including the con- 
ATutional limb lead- and the apical precordia! 
lead {Ij?ad IV F). In 2 men in the croup of 
[laticnt.- imiUipIe rhe.-t Iimis were taken in 
the manner of Wilson. In the serial study 
of officers srx'ci.'il care vva- e.ve.'-ci.-cri to lie 
certain th.at the ft.'-ccnrdial electrrxle wa- in 
the ,-.ame {x>')ti'i;i at each recording. 

or IIo-riT.iL IVrrE.vr.-. 

T’ne IWi ward patient- rang.x! in .age from 


19 to 54 years, but the bulk of tlie cases fell 
in the 22 to 26 j-ear old group; 137 of the.-e 
patients had had malaria at intervals of 
from 1 to 178 days (average 37.3 days; mean 
29 days) between the onset of the malarial 
attack and the taking of the electrocardio- 
gram. The species diagnosis iras Plasmod- 
ium vivax in 114 of these patients wlio had 
had malaria, Plasinodtum falciparum in 6, 
and unclassified in 17. The diagnosis in 
the remaining 28 cases were psychoneuroscs 
(7 cases), no disease (8 cases), question of 
angina pectoris (8 cases), liypertension (2 
cases) and nasopharyngitis, convaIe.«ccn( 
tsutsugamushi fever and question of rheu- 
matic fever (1 case eacli). 

The patients fell into 3 subdivision.- ac- 
cording to the atabrine dosage at tlie time 
the electrocardiograms were taken; (0 
12 patients on intensive do.«agc only, con- 
sisting of 1.2 gm. in the first 24 hours, 0.9 gin. 
in the second 24 hours and 0.3 gm. daily 
for from 2 to 4 days (sec Tabic I); (2) 2I> 
patients on supprc.ssive doses only (0.1 gm. 
daily); and (3) 127 patients receiving sui>- 
pressive maintenance dosage foiloiring in- 
tensive priming therapy. The range 
plasma atabrine levels were calculated on 
the basis of the report of Shannon and hi-' 
group 

Among the 165 patients in the group the 
electrocardiogram was normal in 164 c.a-e- 
and abnormal in 1, a patient of 24 year.- who 
had had benign tertian malaria 20 day.- 
previou.-ly. In this ca-e the T wave in 
Lead CF 4 was diphasic, in J.ead CJ'* ini’crt'-i. 
Althomrh thi.s- L- an .abnonnal findine, no 
explanation could be given for it at the tmv‘ 
of ho.-pit.alization and the patient w.-- re- 
turned to duty. 

Sekhi. Ki.iXTnoc.ARDiociMrinc .Sti iu- 
In the group of 14 medical and incdic.i! 

adrnini-trative offifvr-i elect roeardiogf.mi- 

Averc t.aken before atalirine w'a- given, idh • 

2 AA'iH-k- on Mipiiri---ive <!o-,At:e gnn 
fl.aily) and after the s.ame "intc.a'iw 
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dosage described above. The calculated been a factor producing electrocardio- 
mean atabrine level when on suppressive graphic effects opposite in direction to 
doses was 10 gamma per liter and wlien those due to atabrine, thus theoretically 
on intensive dosage from 64 to 71 gamma masking any electrocardiographic effects 
per liter. None of these officers show'ed of the drug. 

abnormal electrocardiograms. There were In the field studj' mentioned above,® 
minor variations in the P— R interval but in addition to its effect in decreasing the 
this never exceeded 0.17 second and those amplitude of the various electrocardio- 
few variations that did occur (0.01 to graphic deflections, it was considered 
0.04 second) could be attributed to varia- that atabrine restores the S-T interval 
tions in the heart rate. There were no to the iso-electric level after it has been 
significant changes in the T waves. elevated by plasmoquine. Other electro- 

Tadix 1.— The Effect op Atadiune in Vahyinc. Dose on the ELECTnocARmocnAM 
or 1G5 Generae Hospital Patients 


Calculated 

plasma 

_ » _ f. _r 





Duration of 

atabrine 




No. 

DosaRc 

medication 

level 

Normal 

Abnormal 


case.s 

(em.) 

(days) 

(Ramma /liter) 

ECG 

ECG 

Intensive thernpoutio dosc.s only . 

12 

1 5-3 7 

2-6 

Av. 2 6 

25-67 

12 

0 

Intensive therapy with suppressive 






follow-up: 


’ 1 5-3 G 

4-5 

16-52 

126 

1 

Priming close 1 


Av. 1 7 
Mean 1 5 




1 

1 

127' 

0 2 twice 

2-44 




Suppressive close 


weekly to 

Av. 25 





i 

0 17 days 
a week 

Mean 23 




Suppressive doses only 

2G 

1 

3-183 

17 

26 

0 



G-7 day.s 

Av. 17 

(mean) 





a week 

Mean 21 





Discussion. It is noteworthy that of cardiographic studies, however, dealing 
the entire series of 179 individuals stvnlied with subjects on atabrine in simitar 
there wore 42 who had never had malaria. (0..3 gm. rlaily for from 4 to 7 days' ® '*) 
None of these showed electrocardiographic or greater (0.6 gm. daily for several 
changes. I’lach of the officers studied seri- days*) dosage showed no significant effect 
ally was in excellent health. ^Moreover, of atabrine on the human clcctrocardio- 
in only 2 of the 137 patients who had had gram. The present experience, including 
malaria, were the tracings taken at the 26 individuals receiving the much higher 
time of the acute attack of malaria. In “intensive” dosage, is in agreement with 
all of the others a considerable interval the latter studies, in that again no striking 
had elapsed before the tracings were electrocardiographic abnormalities were 
taken, and the patients were afebrile. As demonstrable. 

pointed out above, for the most part the Conclusions. In a series of 179 indi- 
electrocardiograms were made for reasons viduals atabrine in therapeutic and sup- 
quite unrelated to malaria, such as ncuro- pressive doses luui no significant effect on 
circulatory asthenia, convalescent scrub the electrocardiogram. Abnormalities ob- 
typhus, hypertension or the like. It seems served in patients receiving atabrine can 
unlikely thereforv' that malaria might have be attributed to otlier cause.'. 
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SEVERE ALLERGIC REACTIONS TO PENICILLIN 
By Lt. Col. Theodore H. jMexdell, T^I.C., A.U.S. 

AND 
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TinnTY-SEVENTH STATION HOST., A.P.O.70 
.SAN FRANCISCO, CALIFORNIA 


One of the most remarkable qualities 
of penicillin as a therapeutic agent is its 
safety of administration. Tiie lack of 
unpleasant or dangerous reactions lias 
become an accepted fact. With its increas- 
ing use, however, numerous instances of 
allergic reactions are being encountered. 
Anderson,' in a review of the use of pen- 
icillin, stated that 2 to .5% of all patients 
who receive it develop urticaria, but that 
there is no cause as yet to revise earlier 
opinions regarding the drug's lack of sig- 
nificant toxicity for man. This has been 
the experience of most who have used 
the drug to any degree. In the main, 
the.se reactions are minor and in most 
in.stances can be ignored. There is, how- 
ever, a small grotip of jnitients who react 
more severely, at times alarmingly, in 
whom discontinuance of the drug is essen- 
tial. In them, dangerous situations may 
result if penicillin .sensitivity is not recog- 
nized promjilly. Such a ease was re- 
ported by Price, lilcNairy and White.^ 
Their patient developed alarming asthma 
reaching critical stages following the use 
of penicillin. 

In an experience of more than .“lOOO 
patients treated with penicillin selected 
from all admissions to a Station Hospital 
operating on Luzon during the iinst 9 
months following the invasion, numerous 
minor reactions were encountered which 
caused no harm to the palicnl.s. How- 
ever, (i cases (().I2Cr) differed in that they 
reacted so severely that it was necessary 
to •lisi'ontimie the drug regardless of other 
considerations. Four represented exam- 
jiles of drug allergy and 2 a delayed 
reaction which simulati'd serum sickness. 
It is ixuuvrniug these 0 patients that this 
report is ofh'riTl. 

Gpiiiioii dilTers widely regitulsug the 


nature of these reactions. In the hope 
that more knowledge could be gained re- 
garding the immunologic aspects of the 
reactions; intracutaneous, conjunctival, 
patch, pas-sive transfer and precipitin tests 
ivere performed (Table I). In addition, 
200 patients on tlie wards were tested 
by intracutaneous, conjunctival and patch 
methods, then given a trial dose of 
50,000 units of penicillin, in an attempt 
to anticipate and corroborate those indi- 
viduals who miglit react untowardly to 
the tirug (Table 2). 

Case Reports. Case ] . A 30 3 *ear old 
ambulatory white male officer was admitted 
to the hospUal on Aug. 1, 1945, for chronic 
recurrent l.vmphangitis of the left naso- 
labial fold approximately 3 to 4 cm. in 
diameter. He was afebrile, blood count 
and urine Avere normal. There was a past 
history of vasomotor rhinitis ascribed to an 
indefinite .ailergi' of 1,5 vears duration. 
Penicillin cream Iiad lieen applied locally 
in a dispensary liefore admission resulting 
in an extension of the le.sion ivith local itch- 
ing. Treatment was licgun, consisting of 
applications of Burow's solution to the 
le.sion .and 2.5,000 units penicillin intramu.s- 
cularly every 3 hours. After the ,3rd injec- 
tion he dcvelojied an intense generalized 
di.sabling pruritus with a diffuse erythemato- 
vcsicular rash over the neck and flexor sur- 
face.« of the arms with sivelling and erythema 
of the inguinal folds. In the inguinal area, 
tlie vesicles reached the size of 1 cm. and 
e.vuded clc.ar .«cnini upon rupture. On 
Aug. 2, penicillin was .slopped. He was 
now confined to bed, discomfort and mal.aisc 
wore inten.se, fever occurred dail.v from 
9n..5° to lOO-o® F. Tiie blood count sliowed 
an S' r eosinojiliilia with no other .abnonnal 
fmdincs. On -Amrust .3. sweliim: of hands, 
fineers and toes with edcin.a appeared. On 
mild loeal measure.'- .and .'■ymplnmatic treat- 
ment all le.'ioas subsided on Ammsf 7. Avhen 
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he became afebrile and cotiid be allowed was started on 25.003 nnit.s of penioillin 
out of bed. Desquamation in the antccubital intramuscularly at 3 hour interval--. .\j>- 
spaces of botli arras continued for several proximatcly 12 hours later, after the 4t}i iti- 
days. Repeat blood count was now normal, jection, he developed a {icncralizcd crythcnia 
and there were no eosinophils in the differ- with pruritus and marked .^wellinc of the 
ential smear. hands and feet. PcniciUin was sto|);)ed 


Table 1.— Results or Vahiovs Tests IVjth Pe.vicjlli.v j.v 5 Sk.s-«!tive P.^TirsT-- 

Patch 


C-i-e 


Jntrneutaneoii’! 


250 u./irm. 
etntil^ion 

EmiilMon 

Conjuncttval 

tfxt 

tmn«fcr 

Ffpcipitm 

1:10 

1:100 

1:1000 

3:10.000 

h'i'-c 

onU 

(1:100) 

tc**! 


1* 

-f'f -h 


4* 4~ 

4"f 

+ + 4- + 

— 

— 

— 

— 

2* 

■f -f "f 

4* ■?" 4- 

4* 4* 

— 

4-4-4- 

— 



- 

i* 

— 

— 

-- 

_ 

4-4-4- 

— 

— 

— 

- 

4* 

N.D. 

X.D. 

X.D. 

X.D, 

X.D. 

X.D. 

X.D. 

X.D. 

X.D. 

at 

- 

- 

-- 

- 

- 

*- 


X.D. 

- 

fit 



— 

— 

— 



— 


At 

— 

— 

— 




— 


— 

Bt 
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— 

— 
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— 


— 

ct 


— 


— 


— 


— 

— 

DJ 


_ 


- 

- 

_ 

- 


- 

Et 

— 

— 

— 

— 

w 

— 

— 

— 



* Immediate re.actions. due to dnia allcrK^•. 
t Delaj’cd rc.netions, simulatinc scrum siek-ne--.. 
t Control*-. 

Table 2.— Pbe M)M)K isTn.\Tiox Te«ts ron PE.vicii.i.t.v Sensitivity in 200 Patients 


• ronicillm 

Rtand I I'rand 2 

Ko. subjects te--tc(i . too tOO 

% positive: 

Intracutnncou<- tc-,tv: 
i:io — 

l.-JOO — . . .100 .'■> 

r.iooo— 

P.atcl) tc-t', 2o0 u. 'pni. cmubioii I>a--c . . 0 0 

Conjunctival test. !: too . . 0 0 

Reaction-*, Cc PO'itivc folloainc; .10, 000 u. penicillin after tC'tmi: , 0 0 


Intraciitaneou'- tc--l« with penicillin .--ohi- 
tion in dilution-- 1:!0, ItlOO, 1:1000, 
1:10,000 were markedly po-itive after .'1 
hotir-- anti per.-i-tctl for 72 hour.-. The 
patch to-t \\a-j markedly po-itive after 
12 hours. Pa-^ive tran-for, jirecipitin and 
conjunctival fc-f- nere nee.ative. 

CtsE 2. A .'14 year old .ambnlatnni' nhite 
male --oldier entered the ho'jiital on .hily P, 
lOl.j, becat!-e of a '-evere --firpadin" syen-i- 
Jjarb.'e of the face approximately .S rni. in 
diameter. On ,lttly 10, the patietit h.avinc 
e\pr-ric!tceii no iniprovernent on other ther- 
apv, {venicillin in emul-ioii ba-e (2.Vi unit- 
jx-r cm.l 'xa^ a5ip!i«*<l !'>r:!liy. Witliin 
24 hour- a inarkwl I'xvtl reartimi of intm-o 
pniritU', rciitie-- and ^v-ellin*,; (Mcurre*}. 
Penicillin application' \%tre dt'enntinuril 
and v.ithin .'1 day- all h'ca! inatufc-tatiori' <>; 
reaetioti Lad df':ipj>* a."»-d fh: July .<! l.e 


He wa« confined to bed. Rlood count, 
prcvioii-h’ normal, now .‘•honed a l.'P, 
eo'inojihilia. On Atuni't 4, follovinc niihl 
local treatment and .‘-yniptoinatic nie.a-urt-, 
all .‘-iKti'- of reaction eveept .‘-h’cht ilrhitu: 
had di'.apjicared. Hi-- eo'inophi!' uere n'O' 
•Iff. Urine, Wa'-'cnnann and stwl exnm- 
illation-- were normal. He pave no jK-r-o',-.! 
or family hi-torx* of allerfn'. 

Intraeutarif on- te-f*- for jxuiiriHin ‘ca-*- 
tivity xvith riiliifion- iifi to '•x*'*' 

••fronjrly pi-itixa- after W iniiuitf*' A 
[ntrh te-t v ith fK-nicillin in i niul-ion 1 
tt.a- like'-'i-e <-trtmc!y fxi-itive aff< '’’> 1 ' 
l*a--!Xe tran-frr, jincipifin anti majir ctr.' * 
te-l- x’.f-rc ijfc'ititc. 

I'x-i. .‘i. 27 }»-'ir It!*! anib'jhtoy. V! <■ 

ii.'jlf --d'ier intfrcil tlic t. '-d 

IfiLI, lu-rai;-.- o'" .’I 'V '* *'• '* 

pV.fr-:- of fin- ff<t, iff 1-xd u: '!* V 
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previous treatment with various remedies 
without success. Penicillin was started 
intramuscularly, 25,000 units every 3 hours. 
After 18 hours, following the 6th injection, 
he developed a severe pruritic erythemato- 
vesicular eruption over the entire body with 
marked swelling and edema of the face and 
genitals. The scrotum was covered with 
large vesicles which exuded clear serum. 
Previously ambulatory, he was now con- 
fined to bed. Discomfort was extreme, .so 
penicillin was .stopped. Mild soothing ap- 
plications, epinephrine and ephedrine pro- 
duced relief and on September 8 symptoms 
and reaction subsided. Blood count at the 
height of the reaction was normal except 
for a 32% eosinophilia which dropped to 
23% within 1 week, then to normal on dis- 
charge. Stool, urine, .serologic tests of the 
blood were normal. He gave no family or 
personal history of allergy. 

The patch test was strongly positive with- 
in 24 liours and persisted until 96 hours. 
Intracutaneous tests performed with a 
brand of commercial penicillin other than 
the one which produced his reaction (no 
longer in stock) were negative in all dilu- 
tions. Passive transfer, precipitin and con- 
junctival tests were negative. 

Ca.se 4. A 42 year old ambulatory white 
male .soldier was admitted to the hospital 
on Mar. 16, 1945, for a chronic disabling 
bilaterally symmetric.al dermatitis infectiosa 
eczematoides of both feet. Following inef- 
fective treatment for 2 weeks, penicillin 
soaks, 250 units per cc. of normal saline 
solution, were applied locally. Within 24 
hours he developed a chill with fever up 
to 101° F. and a generalized erythematous 
eruption over the entire body. Itching was 
inten.'JC. He was confined to bed and pen- 
ieillin stopped. Within 48 hours on symp- 
tomatic treatment, the tomperature returned 
to normal and all signs of reaction disap- 
peared. On .April 10, with no improvement 
in the original condition, it was decided to 
try parenteral penicillin; 2.5, 000 units were 
given intramuscularly every 3 hours. Fol- 
lowing the .3rd injection, he experienced 
another .‘ievere chill with fever to 102° F. 
and a recurrence of his former cutaneous 
reaction. With discontinuance of penicillin, 
the fever and .skin nmnifestations dis.ap- 
ivareil within a few days. At this time, 
there was great not'd for hospfia! beds on 
Luron and he was evaeuattHl In'forc further 


investigative studies could be done. In 
spite of this, however, his reaction was so 
typical, its reproduction by readministration 
of the drug so definite, that this case war- 
rants inclusion in this group. 

Case 5. A 26 year old ambulatory white 
male soldier had been under treatment in 
the dispensary for recurrent penicillin- 
resistant gonorrhea. He had received 3 
counses of 100,000 units each on July 20, 24 
and 27. On July 30 he was admitted to the 
hospital for a severe generalized urticaria 
gigantosa which had appeared the day 
before. Temperature was 101.6° F. which 
persisted for the next 6 days, during which 
lie developed severe joint pains with swell- 
ing of both ankles and knees. He was 
dyspneic and the chest showed scattered 
w’heezing rales which disappeared after re- 
eapted doses of epinephrine hj'podermically. 
On August 8 the temperature subsided, on 
August 10 he was as 3 ''mptomatic; on August 
20 he was given 100,000 units penicillin in 
four 2 hourly doses. Immediatel 5 ' thereafter 
he again developed urticaria which required 
several doses of epinephrine in the course 
of the day to relieve. Temperature, blood 
count, urine, Wassermann test and stool 
examinations were normal. While he gave 
no personal historj' of allergj'-, a maternal 
grandmother was a .sufferer of asthma. 

Intracutaneous, patch, precipitin and 
conjunctival tests were negative. Passive 
transfer test was not performed becau.se of 
danger of transmitting an undiagnosed 
s\'philis. 

Case 6. A 20 j-ear old colored male 
soldier was admitted to the ho.spital on 
July 21, 1945, acutely ill, toxic, suffering 
from an acute inflammatorv process of the 
lower back niuscle.s. His temperature 
.spiked to 104° F. dail.v, leukocjdes were 
17,600 with 74% neutrophils. Following 
3 days administration of penicillin, 200,000 
units intramuscularly per day in divided 
doses, the temperature reached normal and 
.s 3 'm})toms subsided. Xo furtlier treatment 
was given. Seven da.vs following the last 
dose of penicillin, he suddenl\' developed a 
generalized .severe giant urticaria, pruritus 
.and {ever to 101° F. Acute joint pains 
involving knees, wrists, ankles and hands 
appeared during the next few days wth 
continuing fever. Repeated dorcs'of epi- 
nephrine hypodermically and soothing loc.al 
applications produced relief and he became 
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afebrile on August 7 . On August 9 the 
urticaria disappeared and on August H he 
became s3'mptora-free. Blood count, urine, 
stool and Wasermann examinations were 
normal. There was no personal or family 
history of allergj'. 

Discussion. The reactions in Cases 1 
to 4 are examples of drug allergy caused 
by a drug allergen. According to the 
classification of Sulzberger and Goodman, 
cited by Sutton and Sutton,® drug allergens 
are not antigens and they evoke no anti- 
bodies. Therefore, reactors fail to pro- 
duce antibodies in tlieir blood sera as de- 
noted by negative passive transfer and 
precipitin testing. TJiey do, however, 
react positively to skin test, and read- 
mini.stration of tlie drug will reproduce 
the reaction. The evidence and findings 
in Cases 1 to. 4 satisfy these criteria and 
suggest that a drug allergen in commer- 
cial penicillin is the responsible agent for 
these reactions. 

The composition of commercial penic- 
illin is approximately 0.5 ‘'.r pure crystal- 
line .sodium penicillin and 3.5 '^c impuritie.s. 
The question arises therefore whether the 
allergen is contained in the penicillin or 
in the imi)urities. Silvers' has reported a 
ease of contact dermatitis due to a com- 
mercial brand of penicillin in which his 
patient failed to react when tested with 
pure crystalline .sodium penicillin. He 
concluded, therefore, th.'it the contact 
dermatitis was <lue not to the drug but 
to the impurities in the commercial prod- 
uct with which his patient ha<l come in 
contact. On the other hand, IMc and 
H.'ittnei^ have reporttsi a .similar ca.sc of 
contact dermatitis to o)mtnereijd penic- 
illin which yieldrtl a positive p.atch te^t 
to [uire cry.stalline .swlitim i)eniciliin indi- 
catinc that tin- <lnn: was ^^J)onsible for 
the reaction in their case. Pure cry.stal- 
iini> .'odiuin penicillin was not available 
.'it this station, henee ue were unable to 
difTercntiate in our cas''. whether the 
pure drug or the inqiiiritic' were rt-sjxin- 
.sible for the reaction'. Iloiwver, in 
Case the tiegalive intrad-Tnml ti-sf tia- 
olitaitci from .-i brand of <siinni'',-e!al 


penicillin other tlian the one which had 
produced the reaction, suggesting that in 
this case at least the impurities aeeountcd 
for the reaction. Criep^ lias reported a 
case of allergy to penicillin in which he 
was able to obtain positive skin, pn.ssive 
transfer and precipitin tests denoting the 
presence of reagins in the patient’s scrum. 
We were unable to duplicate this finding 
in our patients. 

Cases .5 and 6 differ in that the reactions 
were delayed and simulatcrl scrum sick- 
ne.ss. In such delayed reactions, negative 
skin and conjunctival tests are to he 
expected. .As discus.sed by Cooke,’ little 
is understood regarding the mechanism of 
the production of delayed reactions. 
Case 0 resembled the case of .severe asthma 
and skin reaction reported by Price. 
IMcXairy anti White.® Our patient like- 
wi.se developed asthma and skin reaction 
but did not reach the critical .stage border- 
ing on cxitus as did theirs. They suggest 
the .sensitizing agent was not the active 
principle of penicillin hut the impiiritio 
in the commercial make. 

In an attempt to anticipate those indi- 
viduals who might react untowardiy m 
penicillin, 200 well patients awaiting <!i'- 
clmrge were tested on skin iind conjunc- 
tiva with 2 <lifferent brands of commercial 
penicillin. 100 patients with e:ich. Of 
these subjects, .50 '.'f htid received jienicil- 
lin at .‘-ntne time prior to this e.xfx'rimcnt 
and .50^^ hati not. Following the reading 
of the te.sts each was given .50,000 unit' 
penicillin jmrentcrally of the same m.'d.e 
with which he was tested. The rj-.nlts 
are shown in 'Jablc 2. 

While 2.00 ca'i-s are not sufficii'iit f»r 
flcfinite cr)nclnsif)ns t«) be drawn in sueh 
aji experiment, it will be noted that pre- 
administration tcstitig for jienicillin -»*!!- 
siti\'ity in healthy subjects i- of (piestio!!- 
able value. The intraculnnesm. !»'• 
jtrovt-sl inconsistent, the poitivcJ f.!i!'->. 
to react on fi-.t do-e nilministcr''*! 1''^' "* 
tcrally. Our c.xpcricncc uith <t)njuti' ti’..i- 
tf-sting in si'\-* rc n-:ictor- f Tab!'' I.' thro. 
<lonh: on this priKxsIurc in “{)!tc of t 



MENDELL, PROSE: SEVERE ALLERGIC REACTIONS TO PENICILLIN 


545 


non-reactors. No opinion is offered re- 
garding the reliability of the patch test. 
Our experience with it in severe reactors 
(Table 1) and the work of Cohen and 
Pfaff,^ who found 5 patients (0.9% their 
series) with positive pre-administration 
patch tests who later developed, severe 
reactions on administration of the drug, 
suggests that this procedure may prove 
of value for detecting penicillin sensitivity. 
However, the 24 to 48 hour waiting period 
required to read the patch test could 
prove a costly delay for the patient if 
the drug was withlield pending result of 
the testing. 

With but 6 instances of severe reactions 
in 5000 penicillin-treated patients (only 
0.12%), the practical value to the clinician 
of determining pre-administration sensi- 


tivity with tests of doubtful reliability 
is nearly nil. Instead, the drug should 
be administered promptly when needed, 
and the physician should bear in mind 
that there does exist an occasional patient 
who cannot tolerate penicillin and in 
whom it may be necessary to discontinue 
its use. 

Summary. 1. Six cases of severe al- 
lergic reaction to penicillin are presented 
in which discontinuance of the drug w'as 
necessary. 

2. In 4, the reactions were immediate 
and suggested that a drug allergen in 
commercial penicillin was the causative 
agent; in 2, tlie reactions were delayed 
and simulated serum sickness. 

3. In our e.xperience, pre-administration 
testing for penicillin sensitivity was found 
to be neither reliable nor practical. 
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ISOLATION OF A GLUCOSE CONTAINING CEREBROSIDE FROM THE 
SPLEEN IN GAUCHER’S DISEASE 
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(From the Department of Clinical Patholocj'. Uni%‘ersity of M.aryland School of Medicine 
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Theories concerning tlie nature of 
Gaucher’s disease have undergone con- 
siderable revision since its original desig- 
nation as a “primitive epithelioma of the 
spleen.’’* Schlagenhaufer’® first charac- 
terized the entity as a systemic disease 
of tlie lymph-hematopoietic apparatus, an 
opinion concurred in by most subsequent 
observers. Later, Marchand* stated that 
the disease was due to the deposition of 
an unknown substance in rcticulo-endothe- 
lial cells. This substance was first identi- 
fied as kerasin by Licb® " who studied the 
properties of the ccrebrosidc isolated from 
the spleen of a patient with Gaucher’s 
disease. Other investigators liave sub- 
stantiated this finding. 

Two views liave been c.xpressed con- 
cerning the pathogene.sis of this entity: 
(1) that it is a general disturbance in 
lipid metabolism which c.xpresACS it.':e!f in 
an accumulation of ccrebroside in the 
blood and organs and leads secondarily 
to the storage of kera.sin in reticulum 
cells; (2) the assumption tli.at it is a dy.s- 
function of the enzyme systems of the 
reticular cells them>elves which lead.-^ to 
the incrcaMNl synthcM’.-. and storage of 
kcra.'in within the cell. The failure to 
demou-'trate an inerea''e<l blood concen- 
tration of cerebro-iide at any time in 
GanchcrV lii'ca-c ha,-, lent support to the 
latter view, Mo-t investigator.- lia\e 
.'tudii'd the fatty aeiil (smifvmcnt of the 
keni.'in i-olatiti from spleen- in thc-e 
cii-e- but have ;i--utniii the pri'-enci- of 
g-.dacto-e nitiiout afhquately identifying 
it. Recently. 4 invctig ito.’'-''-’ ^ ’ liave 
rc[>orted that theearlcdivdratecornpinent 
of the cen-bro-lde i-olated fro'tl tie* 'p'>T n- 


of patients with G.iucher's disease was 
glucose rather than galactose. There is, 
however, at least 1 report in which the 
carbohydrate was identified as gaIacto.se 
by the osazone.®-' If the presence of 
gdactose is to be accepted in some cases 
of Gaucher’s disease it would appear po-- 
sihle that there are 2 types of the diseri-'C, 

1 in which a metabolic disttirhance leads 
to the deposition of normal galacto-e* 
containing kerasin and a second in which 
the recently dcscrihwl glycolipid is de- 
positeti. 'Whether this assumption Ls cor- 
rect cm only be determined by chemical 
studies of additional cases of Gauchcr’.s 
diseise. The recent observation of a 
patient with Gaucher’s disca.se wlm-e 
spleen was removed at operation afTordfd 
us the opportunity to study the earho- 
hydrate fr.iction of the cerebro-ide i'O- 
latcd from the organ. 

Case Report. D. A. 11. (Hon Sfi- mr- 
Ilo.spital, No. G217), a wliito 12 year oi l 
.sfliool girl, was admitted to tlie lio-pital o-i 
Feb. 17, 1914, complaining of ‘’‘.'to' thrntt, 
.swollen glands in the neck, and feve.' o 

2 weeks duration.’’ The p.'ifient ".'i- ‘•vo 
to have had a grip[)al attack 2 vis-k- 

to ad'ni-sjon to tlic ho-jiit.al. 0!i<’ v.i-r. 
ii'''’(ire adsni— ion, .-he had Iiad a -evi re ff'e 
-od'* of ffi'-t.ovi-. Di.orrheo h'ld h’' • 
ji'C'-rit for .-ever.a! d.ay- and .a tarry a, 
r.'ice of tie' -tool- v-.a- rc;>)rt'’!. 
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first noted during the latter 2 admissions 
when the organ was found to be 3 finger- 
breadths below the costal margin. The 
admissions in 1940 were necessitated by 
frequent episodes of epistaxis extending over 
a period of 11 years. 

Positive findngs on physical examination 
on present admission were as follows: pallor 
of skin and mucous membranes; evidence 
of acute tonsillitis; hepatomegaly with the 
edge felt 5 cm. below the costal margin; 
splenomegalj’’ with the tip felt at the level 
of the umbilicus. 


was somewhat thicker than normal and dis- 
played a few scattered fibrous adhesions. 
E.vamination of the hilar structures revealed 
no gross lesions. On cross-section, the cut 
.surface was seen to have a beefy-red ap- 
pearance and the Malpighian bodies were 
obscured. iSIicroscopically, the entire archi- 
tecture was distorted. The Malpighian 
bodies were of normal size and structure 
and appeared as isolated islands of lymphoid 
tissue in a pale-staining pulp (Fig. 1). This 
pallor was due to the presence of masses of 
large acidoifiiilic cells containing a single 


Tajick 1,— Chkmical Analysis of Splenic Tissue 

Moi.Htiiio + acetone solubJe material 

Etlier .soluble material 

Cercbrosicle: alcohol soluble material (after ether extraction), % drj' weight 

Melting point (theoretical 178") 

Nitrogen (theoretical 1.73%) . . .' 

Carbohydrate; % cerebroaidc; 

Recovery after 10 minutes hydrolysis 

Recovery after 1 hour h 5 'drolysis 

Loss by fermentation 

Mucic acid 

Osazonc 


76.1% 
4.0% 
2 5% 
176° 
1 S% 


15 1% 

13 9% 

100 0 % 
Ncg. 

Glucosazono 


Melting point (theoretical 210-212°) 


207-208° 


Laboratory Studies; Blood picture on 
admission; hemoglobin 8.7 gm., red cells 
2..5{5 million, white cells 3800 (neutrophils 
22%, lym])hocytes 78%). Reticulocyte 
count 0.0%. Platelet count 100,100 (Olef 
technique.) Coagulation' time 5 minutes 
4.0 seconds (Lee-White technique). Bleed- 
ing time 1 minute If) .seconds (Duke tech- 
nique). Prothrombin time 2.5 seconds 
((jtnek technique). Urinaly.scs e.ssentially 
negative. Blood clicmistry; blood sugar 
100 mg. ‘"f, non-jirotcin nitrogen 30 mg. %; 
icterus index 5 units, Liver function tests; 
4+ cejihalin-cholc.storol flocculation; intra- 
venous bippuric acid tc.«t 0.68 gm. excreted 
in 1 hour, lione marrow studies revealed 
an essentially normal myelogram. 

Roentgen r.ay examinations of the femora 
wore reported as normal. Roentgen exam- 
ination of the esophagus with particular 
reference to varico.sities revealed no .such 
.abnormality. 

A ineoperatlve impres.sion of Banti .syn- 
drome was recorded and .sjilcneotomy advis- 
ed, This was iierfornu'd on Feb, 2.5, 1944. 
by Dr. hrank C. Marino, The surgical 
sjM'oimen consi.'-ti'd of the spleen, which 
weighed 822 gnu, and a small hiopsv frag- 
ment of liver. The capsule of (he .spleen 


eccentric vasicular nucleus. The cytoplasm 
of these cells was seen to have a fibrillar 
structure. These cells fulfilled the cyto- 
logical descriptions of so-called Gaucher 
cells. The liver biopsy displayed paren- 
chj^mal cells which were swollen and vacuo- 
lated. No increase in interstitial fibrous 
tissue was seen. 

Chemical studies of the spleen were car- 
ried out in the following manner: A portion 
of the spleen which had been }weserved in 
formalin for 2 days was dried with acetone, 
powdered and extracted repeatedly with 
cold ether. It was then e.xtracted with hot 
alcohol until no further cerebroside was 
obtained. The combined extracts were fil- 
tered and allowed to stand overnight at 5° C. 
The precipitate Avas centrifuged out and 
crystallized from hot alcohol. It was then 
di.‘;solved in pyridine and precipitated Avith 
acetone. FolloAving a crystalliz-ation from 
alcohol, the melting point of the nearly Avhite 
lipoid material agreed Avith that of kerasin. 
A nitrogen content as determined by analy.«is 
by the microkjcldahl technique also agreed' 
AAith that of this cerebroside. Since only 
the carbohydrate portion Avas to be studied, 
portions of the material Avere hydrolyzed 
by the .«hort procedure of Kirk,* The 
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hydrolysate 'svas neutralized with sodiiun 
hydroxide and the reducing sugar deter- 
mined before and after treatment with 
washed yeast for 1 hour at 37° C. The 
reducing substance was 100^ fermentable. 
The percentage of reducing sugar before 
fermentation was somewhat low but little 
more was destroyed by 1 hour heating with 


A summary of the data which lead to 
the conclusion that tlie carbohydrate 
component of the ccrebroside isolated 
from tins spleen is glucose follows: 

The postoperative course of the patient 
was entirely uneventful. The blood pic- 
ture showed improvement and the ceplin- 



Fio. 1. — Detail of splenic pulp. Xotc pre.-cnee of nia"-ses of l.arRe, palo-*-tniniiiK (i.nirlier 

cells. (X -too.) 



the acid. The niucic .acid tf-t v.a- iK-eative, 
The o-arone, preparixl by ii-u.-i! incthwl-. 
and rcer].''tai!bed fro.'n Td'", .alcohol, h.ad 
* tlie typical apj'caranrc of chic^'-azrci-". Tii** 
melti'ns: {loint of tho o-azopo v.a- 2d~' to 
Tiii- i- ‘!i::ht!y Ic.-.tr t! .-.n th.at <f 
pure g!’ico-r.if I ut d-hi.itily hL'ifr tl .an 
that of cal.acto-ar'^*:.' . 


lin-choh-tero! fhx-ndation ti- 1 riturr'’’. 
to normal. On Marth Kh If’O. 
tif-nt va-* tli-eiiargi-d in gfe'i-l ni.'.’ditc'a^ 
Summary, 1. .\ eaw of (iau'h'-r * '• '• 
fxi'O in vhicb the oj)>'r.!ti*.< ly f n " ''j 
spiff II v.ri' ' ul>j*‘ft>'<i tff f a. <-■ 

p:itho’o,;if- ••ti.’iiy i- ri f*f>rtcd 
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2. The carbohydrate fraction of the 
lipid isolated from the spleen was found 
to be glucose. 

3. It is suggested that there may be 
2 forms of lipid disturbance in Gaucher’s 


disease: one in which the lipid is a 
galacto-lipid similar to normal kerasin, 
the other, an entity characterized by the 
accumulation of an abnormal glucose- 
containing kerasin. 


Wc wish to thank Dr. Frank J. Geraghty for permission to use the clinical data of the case reported. 
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A STRIKING feature of vivax malaria of 
Pacific origin is its tendency to relapse 
after tlierapeutic termination of the acute 
attack witli any of tlic antimalarial drugs 
currently in use. Of 5S3 patients treated 
by us for acute attacks and observed for 
a minimum of 120 days after treatment, 
425 patients (73 %) had a clinical relapse, 
7. c., a recurrent attaek of malaria Avith 
fever and blood smears positive for P. 
virax. An additional 29 patients (5 %) 
who did not ha\'c a clinical relapse had 
positive smears witliout fever or symp- 
toms at some time while under observa- 
tion after an attack. In other words, 
treatment of the attack failed to cure 
78% of the patients; 259 patients who 
relapsed Avere again obserA-ed for 120 days 
after retreatment. Of these, ISl (71%) 
relapsed, and 15 (6 %) who did not relapse 
clinically, had at some time diu-ing their 
period of obserA'^ation after the acute 
attack, a positiA'e smear without fcA-er or 
symptoms. Thus, retreatment of tlie next 
attack again resulted in curatiA^e failure 
in 77 % of tlie patients. Ea'CH if this 
trend of such a high failure rate continued 
after treatment of each successiA^e attack, 
AA'ithin 2 years after the first attack less 
than 2% of any large group originally 
treated would remain AA'ho might still haA'e 
future relapses. HoAveA-er, the total num- 
ber of attacks experienced within the 
group during the period of activity of 
the disease would be considerable. Pres- 
ent treatment is, therefore, not effectiA'e 


in curing AUA'ax malaria of Pacific origin 
in the majority of patients and is useful 
only in terminating episodes of acute 
clinical activity until tlie disease in any 
gii-en patient has spent itself. 

The purpose of tliis paper is to present 
tlie results of the combined use of quinine 
and plasmochin in the treatment of acute 
attacks of A’ivax malaria witli particular 
reference to tlie effect of such treatment 
on subsequent relapse. 

Background. Pinsmocliin Avas intro- 
duced as a neiv synthetic antimalarial drug 
by Schulemann and his co-workers at 
I^verkusen in 1924. While this drug has 
definite antimalarial actiAuty and is effec- 
tiA'e in terminating tlie acute attack AA-itli 
relatively large doses, it aaats soon apparent 
that plasmochin by itself is not a practical 
drug in the treatment of acute attacks of 
malaria principally because of its potential 
to.xicitA'. Acute attacks of malaria are 
more effectiA'ely and safely terminated by 
the use of quinine, quinacrine or more 
recently introduced 4 - amino - quinoline 
compounds. In recent years plasmochin 
has been used almost entirely as an 
adjunct to other antimalarial therapy 
because of its abilitj^ to eradicate gameto- 
cytes of P. falcipanm Avith small amounte 
of drug in a matter of a few days. The 
Amlue of this practice as a control measure 
in endemic areas is questionable. Hoav- 
CA’-er, there is CAudence that tlie simulta- 
neous administration of plasmochin^ an ^ 
quinine dailj^ for 2 weeks or more is hig i 
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efTective in reducing relapse rates in vivax 
malaria during an observation period of 
2 to 6 months. This is in sharp contrast 
to curative failure or high relapse rates 
for Pacific vivax malaria treated with 
quinine, quinacrine, or 4-amino-quinoline 
compounds. It is not our purpose to 
review the voluminous literature on plas- 
mochin hut brief reference will be made 
to studies with plasmochin in relation to 
its effect on subsequent relapse and its 
toxicity. 

Sinton and Bird® in 1928 reported a 
study from India in which SG patients 
who received plasmochin alone or plas- 
mochin and quinine together for an at- 
tack of vivax malaria were followed for 
relapse for 2 to 4 months after treatment. 
Twenty-nine patients received O.OS gm. 
of plasmochin (probably plasmochin naph- 
thoatc) on 17 treatment days during a 
total of 39 days as suggested by the 
German manufacturers of the drug. The 
relapse rate during the period of observa- 
tion was 30%. Twenty-two patients re- 
ceived O.OS gm. on as many consecutive 
days as po.ssible for 28 treatment days 
with interruptions only for toxic mani- 
festations. The average period during 
which the 28 treatment days were given 
was 3G, with a range from 28 to .53 days. 
The relapse rate in this group was 23%. 
Fifteen patients received 0.1 gin. plas- 
mochin plus 1.25 gm. quinine sulphate 
on 17 treatment days during a 39 day 
course of treatment. The relapse rate 
in 2 to 4 months was 20%. Finally a 
group of 20 patients received these same 
daily amounts of both drugs for 28 days 
a.s continuously as po.ssible during an 
average treatment period of 37 days. Xo 
patient relapstnl during the period of 
observation. The relapse rate for the 
.51 jKitients who rm>ived plasmochin alone 
was 30''; and 8.5 for the 35 patients 
who n'ceived plasmochin and quinine 
together. Tims, of SG patients in all 
•1 group.s who n'ceivixl plasmochin for 17 
to 28 days, relapse rate us given by the 
authors was 21 *•; . Six patients wlm were 
Itwt sight of or wlio <lid not complete tlie 


full course of treatment were counted as 
failures so that the failure rate actually 
observed for 80 men during a period of 
2 to 4 months after treatment was 16%. 
In contrast to this finding the relapse rate 
for 111 men treated with quinine alone 
and similarly observed was 77 %. TJiere 
i.s little question from the results of this 
study that combined quinine-plasmochin 
treatment very substantiallj'^ reduced the 
incidence of relapse during 2 to 4 months 
after treatment. 

Sinton ci al}^ in 1930 reported relapse 
rates for 2 additional groups of patients 
who received combined quinine-plasmo- 
chin treatment for acute attacks of vivax 
malaria. Seventeen patients received 
plasmochin, 0.06 gm., and quinine sul- 
phate, 1.25 gm., daily for from 4 to 
21 days as follows: 4 patients 4 da^'-s, 
7 patients 21 days, and 1 patient each 
for 8, 9, 11, 14, 16 and 17 days, respec- 
tively. No patient in this group had a 
clinical or parasitemic relapse for 2 months 
after treatment when tlie e.vperiment was 
terminated. An additional 44 patient® 
received plasmochin, 0.04 gm., and qui- 
nine, 1.25 gm., daily for 21 days. Three 
patients relapsed making a total failure 
rate of 6 % for 54 men wlio received plas- 
mochin for 14 or more days in contrast 
to a relapse rate of 42% for 38 patients 
who received quinine alone. 

Jarvis® in 1932 reported 8% relapses 
during a 2 to 4 months period of observa- 
tion for 75 patients who received pla.s- 
mocliin, 0.03 gm., and quinine, 1.3 gm., 
daily for 21 days. ^lanifold" in the same 
year reported a large scale study of some 
3000 Indian and British troops who were 
treated for acute attacks of vivax malaria 
with plasmochin, 0.04 gm., and quinine, 
1.3 gm., daily for 21 consecutive days. 
Of tlicse, 98% were able to complete the 
full course of treatment. Records of re- 
admission for relapse were analyzed dur- 
ing a period of 5 months after treatment 
and the relapse rate for the whole group 
was 5.2% in contrast to a wide e.xperience 
with quinine alone in which relapse rates 
were from 42 to 77 % after treatment. 
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More recently, Tliomson and William’^' 
(1945) reported an extensive study on 
tlie effect of combined quinine-plasmochin 
treatment of vi\'ax malaria of Mediterra- 
nean origin in this -vvar. Of 100 patients 
witli delayed primary attacks of vivax 
malaria treated with 4.6 gm. of quinacrine 
during 12 days, 29% relapsed during an 
observation period of 5 months. Of 76 
patients witli delayed primary attacks of 
vivax malaria treated for 10 days with 
plasmochin base, 0.03 gm., and quinine, 

2 gm., daily, only 14 (1S%) relapsed. 
TJie relapse rates for 650 men treated 
with quinacrine as above for later relapses 
and followed for 5 months was 34%, 
while the relapse rate for 5S4 men treated 
for later attacks with combined quinine- 
plasmoeliin was 10.3 %. In our e.xpcrience 
tlie relapse rate in 120 days for Mediter- 
ranean vivax malaria (150 patients) treat- 
ed witli quinacrine or quinine was 32%. 
There can be no question about the sig- 
nificance of tlie reduced relapse rate in 
this British report. 

Thus far, references have been cited 
which indicate tliat combined quinine- 
plasmochin given for at least 10 days 
during which amounts of plasmochin base 
are at least 0.03 gm. daily is highly effec- 
tive in reducing the relapse incidence of 
vivax malaria during an observation 
period of 2 to 5 months. Experiences with 
smaller amounts of plasmochin or short 
term schedules are generally not convinc- 
ing and definitely of no value in Pacific 
vivax malaria. Dieuaide,’ in reviewing 
relapses following various schedules of 
treatment of vivax malaria in the Pacific, 
cites a relapse figure of 83% within 16 
weeks for 185 men who received 2 courses 
of quinacrine hydrochloride for acute at- 
tacks of vivax malaria, and a relapse rate 
of 78% for 136 patients who received 
2 consecutive courses of treatment con- 
sisting of 0.1 gm. quinacrine 3 times daily 
for 7 days followed by plasmochin naph- 
thoate, 0.02 gm., 3 times daily for 5 days, 
after which both were repeated. Thus, 
plasmochin for 5 days and repeated a week 
later had no effect in reducing the relapse 


rate compared with quinine or various 
schedules of quinacrine mentioned by 
Dieuaide. In the Bulletin of the U. S. A. 
Med. Dept.,^ relapse rates are compared 
for various groups of patients treated in 
this country for acute attacks of vivax 
malaria of Pacific origin with and without 
plasmochin and followed for at least 90 
days afterward. Of 176 patients who 
received quinacrine or totaquine alone, 
57 % relapsed. To 299 patients was given 
0.01 gm. plasmochin base 3 times daily 
for 3 days after quinacrine or totaquine 
alone, or after quinine or totaquine and 
quinacrine. The combined relapse rate 
in all these plasmochin groups was 56%. 
Here again is good evidence that plasmo- 
cliin for 3 days after other antimalarial 
therapy is not effective in influencing the 
relapse rate of.Paeific vivax malaria. On 
the other hand, Gentzkow and Callenderi 
in 1938 reported from Panama that this 
amount of plasmochin (0.01 gm. t.i.d. for 
3 days) in addition to 2.4 gm. of quina- 
crine during 4 days given to 128 patients 
resulted in a relapse rate of 9.4% m 
6 montJjs, compared with 45.6% relapse 
for 215 patients who received quinacrine 
alone. This report is based on analysis 
of patient malarial registers. From India, 
Bird* reported 30.9% relapses in 152 pa- 
tients treated with plasmochin (0.01 gm- 
t.i.d. for 5 days) after 5 to 7 days of 
quinacrine, and a relapse rate of 46.3% 
for 201 patients who received the same 
amount of plasmocliin after 7 days of 
quinine. These observations suggest that 
plasmochin for 5 daj'S after quinine or 
quinacrine is not effective in reducing re- 
lapse rates in India compared with simul- 
taneous quinine and plasmochin treatment 
for 10 to 14 days. 

Summarizing the work cited, the evi- 
dence indicates definitely that simulta- 
neous quinine-plasmochin treatment for 
14 days or more of vi^mx malaria of Indian 
or Mediterranean origin results in a ver} 
significant reduction in relapse rates dur- 
ing periods of observation of from 2 to 
6 months, and that plasmochin for 3 or 
5 days after quinine, totaquine, or atabrme 
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is of no benefit in reducing relapses in 
vivax malaria of Pacific origin. With re- 
gard to the period of observation referred 
to above for these studies, it should be 
borne in mind that the majoritj^ of re- 
lapses occur within a month after quinine 
or totaquine treatment and within 3 
months after quinacrine or 4-amino-quino- 
line drugs. Short-term courses of plas- 
mochin (3 to 5 days) are of doubtful value 
in reducing relapse rates in vivax malaria 
of Indian origin and the reported bene- 
ficial effect of 3 days of plasmochin after 
quinacrine in reducing relapses in vivax 
malaria of Panamanian origin remains 
unconfirmed. 

Tlie present report deals with the effect 
on subsequent relapse of simultaneous 
combined quinine-plasmochin treatment 
for 14 days in vivax malaria of Pacific 
origin, an aspect that has not heretofore 
been studied. 

Materials and Methods. The protocol 
herein described was furnished by the Office 
cf the Surgeon-General. Seventy-two white 
patients with acute attacks of vivax malaria 
of Pacific origin having fever and positive 
smears were admitted to a special treatment 
and study ward. Ko attempt at selection 
of patients were made. All drugs were 
administered by an officer. On the 1st daj', 
quinine sulphate, 1 gm., and plasmochin 
nai)hthoate, 0.02 gm. (O.OI gm. base), were 
given together at S hour intervals. On 
Days 2 to 14 inclusive, quinine sulphate, 
0.05 gm., and plasmochin naphthoate, 0.02 
gm., were given together at S hour intervals. 
The total amount of drugs administered 
during the treatment period of 14 daj’s was 
20 gm. of quinine sulphate and 0.S4 gm. of 
plasmochin najfidlionte. A control group 
of 7.5 white patients with acute attacks of 
vivax malaria of Pacific origin were treated 
with 20 gm. of quinine alone during 14 days 
on the .above scliedule. Temperatures were 
recorded e\ery 4 liours. Parasite counts 
were done twice daily until negative for 
consecutive days. Hemoglobin, methc- 
mottlobin. and total white blood count detcr- 
niinatiujis vore made daily. (Hemoclobin 
and mctluanoelobin wore {leterminiHl color- 
imctrically a^- cyan-methemoirlnhin.) Each 
patient wa*- examined at lea^-t once d.aily 


by a medical officer and special attention 
was paid to the recognition of possible 
manifestations of plasmochin toxicity. On 
the daj’’ after completion of treatment on 
the ward, the patients were transferred to 
a convalescent area for further observation. 
The duration of observation was until re- 
lapse or for a minimum of 120 days. Dur- 
ing this interval smears were examined twice 
weekl3n In the event of parasitemia, tem- 
perature observations were made everj’- 4 
hours and parasite counts were done dailj'. 
A temperature of 100° F. or more, by mouth, 
associated with a positive smear was con- 
sidered a clinical relapse. 

Results. The cumulative clinical re- 
lapse rates during 120 daj's observation 
after treatment of acute attacks with 
quinine, quinacrine and combined quin- 
ine-plasmochin are shown graphicall}' in 
Chart 1. The total failures after treat- 
ment are summarized in Table 1. 

A. Quinine. Seventj'-five patients with 
acute attacks of vivax malaria of Pacific 
origin were treated with 29 gm. of quinine 
sulphate during 14 daj's. Sixtj'-two pa- 
tients (85 %) had a clinical relapse within 
120 daj's. Five patients who did not re- 
lapse had, at one time or another during 
their period of observation, a positive 
smear without fever or symptoms. Thus 
quinine failed to eradicate the infection 
in 07 (89.4%) of patients treated and 
observed for 120 da\*s. 

B. Quinacrine (Atabrine). Sixt\'- 
nine patients with acute attacks of vivax 
malaria of Pacific origin were treated with 
2.8 gm. of quinacrine during 7 da.vs. 
Fiftv-six patients (81.1%) had clinical 
relapses within 120 daj's after completion 
of treatment. An additional 2 patients 
who did not relapse had, at one time or 
another during their period of observation, 
positive smears without fever or s.vmp- 
toms. Thus, within 120 dax's following 
quinacrine, 84 of treated patients e.x- 
hibited evidence that they were not cured 
of the infection. 

C. Coinbificd Qinnhir Pltt^s-niorhin. Sev- 
ent.v-two white patients with acute attacks 
of x'ivax malaria of Pacific origin were. 
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tre.ated ■with plasmochin and quinine as 
described under "Materials and Metli- 
ods” above. Three clinical relapses oc- 
curred within 120 days after completion 
of treatment or a clinical relapse rate 
of 4 %. Five additional patients who Iiad 


Toxicity. Numerous references can be 
found in the literature dealing with to.vic 
manifestations of plasmochin of varying 
type and severity. The principal to.vic 
symptoms or signs reported are gastro- 
intestinal complaints: mild to severe epi- 
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DAYS TO CLINICAL RELAPSE FOLLOWING TREATMENT OF ACUTE ATTACK 

Chart 1. — Comparntivo clinical relapse rates (cumulative) after treatment with quinine, quinacrinc or 

combined quinine-plasmochin. 

Three groups of patients treated after acute attacks of vivav malaria of Pacific origin. (See te-tt for 
dosages.) These patients wore all followed for a minimum of 120 days after treatment of the acute 
attack. 


Table 1. — Results of TreatiMent in 3 Groups of Patients AVho RncEn'En Quinine, Quina chine, 
OK CosiBiNED Quinine -P i^AS.MocHiN for an Acute Attack of A'lr’AX AIalabia or Pacific 
Origin and Were Then Followed Either to Relapse or for 120 Days After Completion 
of Treatment (for Dosages, see Te.xt) 


Relapses 




Previous 

Prior 


Patients 

relapses 

activity 


treated 

(av.) 

(av.) 

Quinine .... 

. 75 

3.8 

9.1 

Qvvinacrine 

. 60 

4.4 

7.8 

Quinine and plasmochin 

. 72 

5.2 

10.0 


Clinical* Parasitemia onlyt Total failure- 


No, 

% 

No. 

X 

No. 

% 

62 



6.7 

6T 

so. i 

56 

A7. / 

2 

2 9 

58 


3 

L2 

5 

6.9 

8 

11 J 


* Clinical relapse — clinical recurrence with fever, symptoms and positive blood smear, observed within 120 da>s 
after treated attack. _ ... diirint: 

t Parasitemic relapse — positive smear only without fever or symptoms and not followed by clinical relapse u 
120 days observation after treated attack. 

t Total failures — clinical relapses plus parasitemic relapses during 120 days after treated attack. 


neither fever nor symptoms during the 
120 days observation showed parasitemia 
in this period. Thus, of 72 Pacific infec- 
tions treated there were altogether only 
8 failures making a total failure rate of 
11.1 % for the 120 days. 


gastric pain or soreness, anorexia, abdom- 
inal cramps, nausea, vomiting and diaf' 
rhea; cyanosis; circulatory system signs 
and symptoms consisting of dyspnea, 
changes in pulse, blood pressure an 
electrocardiograms; changes in the bloo 
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varying from mild anemia to severe or 
fatal hemolytic crises or agranulocytosis; 
vague muscular aches and pains and 
weakness; and central nervous system 
symptoms principally lieadache, dizziness, 

“ nervousness,” psychosis and coma. The 
incidence of severe toxic reactions from 
the drug varies from 1 to 10% in different 
series reported. The hemolytic reaction 
is the most serious manifestation of plas- 
mochin intoxipation and may vary from 
mild progressive anemia to a sudden 
severe and fatal liemolytic crisis asso- 
ciated with shock, severe anemia, jaun- 
dice, hemoglobinuria and azotemia. This 
reaction may come on early after rela- 
tively small amounts of drug but also 
may occur at any time during the admin- 
istration of plasmochin. Weakness and 
dark urine are the most common symp- 
toms at onset. During the acute episode 
the erythrocyte sedimentation rate, the 
white blood count, the reticulocytes, and 
serum bilirubin arc elevated, while the 
red blood count and hemoglobin fall. 
Race, diet, cUmtvtc and tlie prior adminis- 
tration of other dr\igs have all been sug- 
gested as factors which may be responsible 
for initiating a hemolytic reaction. Evi- 
dence regarding the possible relation of 
race and predisposition to hemolytic reac- 
tions will be presented. The degree of 
methemoglobinemia in many individuals 
is probably related to the dose of drug. 
Gastro-intcstinal symptoms are most com- 
mon during the ‘1th and otli days of tlier- 
apy, and Roentgen ray studies during 
this time have revealed gastric hyper- 
peristalsis and intestinal spasm. Brief 
roforenee will be made to the incidence of 
toxic experiences in relatively large groups 
recently reported. 

Manifold" (1931). in a report dealing 
with the results of treatment of vivax 
malaria in India with quinine, 1.25 gm., 
and plasmochin. 0.01 gm., given together 
daily fur 21 day.s, presents an analysis of 
toxicity ‘in 3213 patients so treated. 
Toxic .symptom.s or sign.s occurriM in 21% 
of 129S British .soldiers and 10% in 1915 
Indium treated. Epig.rstric pain or oilier 


gastro-intestinal s 3 'mptoms were noted in 
15% of the British and 8% of the Indian 
patients. C^'anosis was observed in 4% 
of the British cases, but this was not 
accuratelj’^ determined in the Indians be- 
cause of their color. Jaundice was ob- 
served in only 3 patients and in 1 of these, 
an Indian, death followed as a result of 
a severe hemol 3 i;ic reaction. In the 
author’s opinion, the majority of the 
sj'mptoras were mild and he emphasizes 
that of 480 British patients personally 
treated the full course of 21 daj’^s of 
plasmochin was completed without inter- 
ruption bj’’ 478. He also states that 98 to 
99% of the patients in the whole series 
of more than 3000 cases completed a full 
course of treatment. 

West and Henderson^® (1944) reported 
an incidence of 2.85% plasmochin toxic- 
ity in 846 patients treated for P. falci- 
pantm infections in Africa with quinine, 
2.0 gm. dailj” for 3 daj’s, quinacrinc, 0.3 gm. 
dailj’’ for 5 days, no treatment for 2 days, 
and plasmocliin base, 0,03 gm. dail^’ for 
5 days. Twenty-two of the 24 patients 
with toxic signs had primary Falciparum 
infections and the other 2 had had malaria 
and plasmochin p^eviousl^^ Four patients 
were hospitalized after 0.06 gm. of plas- 
mochin base and the mean total toxic 
dose was 0,119 gra. Jaundice was the 
most common finding and was present 
in 20 patients, the mean icterus index 
being 27.6. Abdominal pain was present 
in 20 patients. Headache, weakness and 
dizziness were present in 16, 14 and 
11 patients, respectiveh'. Two patients 
were psychotic and 1 in coma. Anemia 
was present in 19 patients and in 1 the 
red count was 1.4 million per c.mm., the 
average being being 2.SS million per c.mm. 
The white counts varied from 4.5 to 20.8 
and averaged 10.2 thousand per c.mm. 
All patients except 1 were ambulatory 
during the period of plasmochin therapy. 
LnfortunateIj% the color of tlie j)atients 
or the ratio of black to white in the 
population sample reported is not stated 
in tills paper. This is of particular inter- 
est, because Swantz and BaylLss” in 1945 
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reported moderately severe liemolytic 
toxic reactions in 9 Negroes Avho had 
received plasmochin in the course of 
treatment for malaria. These reactions 
Avcre encountered during a period of 
time in ivhicli approximately 3000 cases 
of malaria were treated. Tlie amount or 
duration of plasmochin treatment is not 
stated and Avhile e.xact racial data are 
not presented the authors state that the 
majority of their malaria cases -were 
Avhite. The absence of a single hemolytic 
reaction in the Avhites treated and the 
occurrence of 9 cases of severe intoxica- 
tion in Negroes may suggest some pre- 
disposition to plasmochin liemoljdic reac- 
tions in Negroes. Further evidence of 
this nature is suggested by Shannon ci a/,* 
Avho observed 6 hemoljdic reactions (5 
Negroes and 1 Chinese) among 71 pig- 
mented patients and none in 35 white 
patients Avho received 0.03 gm. plasmochin 
base for from 2 to 14 days. The incidence 
of hemolytic reactions for the pigmented 
group was 8.4 %. All reactions occurred 
during the 3rd to 5th days of plasmochin 
therapy and were characterized by weak- 
ness, dark urine and icterus at onset. 

Hardgrove and Applebaum® (1945) re- 
ported from Panama an incidence of 
10.13% of plasmochin poisoning in 4361 
laborers who received a routine mass 
treatment for malaria suppression consist- 
ing of quinacrine, 0.1 gm., 3 times daily 
for 5 consecutive days, no medication for 
the next 2 days, and then plasmochin base, 
0.01 gm., 3 times daily for 5 consecutive 
days. The reactions were of sufficient 
severity to require hospitalization of 8% 
of the treated group. It is of special 
interest that the incidence 'of hemolytic 
reactions in the whites treated with plas- 
mochin was 5.8%, and 11% in the other 
consisting principally of Negroes. Only 
21 toxic reactions occurred following less 
than 0.1 gm. of plasmochin base. Three- 
fourths of the admissions took place dur- 
ing the first 3 days of plasmochin treat- 
ment. The principal symptoms were 
abdominal pain, dark urine, anorexia, 
jaundice, headache, nausea and vomiting. 


Tile important clinical findings were jaun- 
dice, abdominal tenderness, enlarged liver, 
pallor, cyanosis, low-grade fever, hemo- 
globinuria, bilirubinemia, anemia and 
leukocytosis. No deaths occurred, and 
treatment was essentially blood transfu- 
sion, intravenous glucose solution and 
sodium bicarbonate by mouth. It should 
be noted in this series that the incidence 
of hemolytic reactions was twice as great 
in whites as compared witli Negroes and 
others, and that plasmochin was adminis- 
tered to men while thej^ were working. 

Thomson and William’^ in their report 
dealing with 660 British soldiers who 
were treated for acute attacks of vivax 
malaria with quinine, 2 gm., and plasmo- 
chin base, 0.03 gm., daily for 10 consecu- 
tive days, encountered practically no sev- 
ere toxic manifestations. Of 295 patients 
personally treated by the authors, in only 
3 w’as therapy interrupted because of tox- 
icity. Other medical officers participating 
in tire study, having less experience with 
plasmochin and being more cautious, inter- 
rupted therapy in 2 to 4 % of 365 subjects. 
No serious reactions were encountered. 

It is evident from a brief survey of ffie 
literature that toxic e.xperiences with 
plasmochin vary considerably in their 
incidence and severity. Large groups of 
patients have been given 0.03 gm. of 
plasmochin base for 10 to 21 days with 
practically no toxicity. On the other 
hand, serious hemolytic reactions have 
been reported wffien the drug was given 
for only 3 to 5 days. It is probable that 
Negroes are more susceptible to hemoljdic 
reactions than whites and that taking 
plasmochin under working conditions may 
be a factor in producing serious reactions. 

We have administered plasmochin naph- 
thoate in doses of 0.02 gm. 3 times daily 
at 8 hour intervals for 14 days to 100 
white patients. No major toxic manifes- 
tations were observed and all patients 
were able to complete the full comse of 
therapy. 

Forty % of the patients had some form 
of complaint referred to the gastro-intes- 
tinal tract and probably related to plas- 
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mochin. These complaints consisted prin- 
cipally of abdominal cramps or abdominal 
soreness which were rarely severe. These 
gastro-intestinal symptoms usually began 
from the 3rd to the 5th day and lasted 
from 1 to 7 days. 

Cyanosis was observed in 1 patient who 
had a methemoglobin value of 12 % on the 
11th day of treatment. Ninety % of 
the patients showed methemoglobinemia 
above normal values at some time during 
treatment with amounts ranging from 1 to 
12 % (average of 2.3 %) of total hemoglobin. 

In 16% of the patients who received 
plasmochin for 14 days there was a fall 
in total hemoglobin of from 11 to 20% 
which occurred during the 2nd week of 
treatment which we considered related to 
plasmochin. An equal number of pa- 
tients liad an average fall in hemoglobin 
of 15.3 % during the first 5 days. In the 
latter group, this fall in hemoglobin was 
apparently due to active malaria ratlier 
than plasmochin, since it occurred in the 
first few days of the acute attack and 
reversed itself with continued treatment. 
Severe anemia did not occur and no 
hemolytic crisis was observed. 

The effect of plasmochin on the white 
blood count was to produce leukocytosis 
in a significant number of men (15% of 
counts above 10,000 per c.mm.) during 
the 2nd week of treatment and leukopenia 
(24 % of counts below 5000 per c.mm.) 
during the 1st week after discontinuance 
of the drug. Subsequent counts 2 weeks 
after treatment were all normal. 

In our experience the toxic manifesta-: 
lions related to the administration of 
plasmochin were not severe or serious and 
should not detract from the value of the 
drug if proper care is taken in recognizing 
potentially serious signs of toxicity. 

Evidence has been presented tliat hemo- 
lytic reactions may occur more frequently 
in patients who are not white and some 
investigators believe tliat toxic manifes- 
tation.s due to plasmochin are more com- 
mon in patients who have recently re- 
ceivcxl quinacrine. Plasmochin plasma 
levels are very much higher in patients 


TREATJIENT OF VIVAX MALARIA 557 

who have recently received quinacrine in 
comparison with levels from patients vrho 
have not had the drug. But whether high 
plasmochin levels and toxicity are related 
has not been established. It is suggested 
that patients receiving plasmochin as de- 
scribed in this paper be hospitalized dur- 
ing treatment and frequently observed to 
recognize early severe hemolysis, should 
it occur. Treatment should be limited 
to white patients. Hemoglobin determina- 
tions should be performed daily and com- 
plete blood counts at least twice a week. 
Cyanosis alone is not an indication for 
discontinuance of therapy. A fall in total 
hemoglobin of more than 20 % in any one 
day should be regarded with suspicion 
and, if followed by a further decline in 
the amount of total hemoglobin on the 
next day, plasmochin treatment should 
stop. One cannot anticipate sudden hem- 
olysis by any laborator}’’ method but 
symptoms of severe weakness and dark 
urine during the first 5 days of therapy 
should be investigated from the stand- 
point of a beginning hemolytic reaction. 
Fluids, blood and alkalies by vein are 
indicated if a severe reaction should occur. 
Abdominal cramps occur most frequently 
during the first week of treatment and if 
severe may be controlled with atropine. 

The usual symptoms of cinchonism, 
namely, tinnitus, fullness in the head and 
ears, and headache, were encountered in 
varying severity in tlie 1st week of treat- 
ment in the majority of patients. These 
symptoms gradually subsided in the 2nd 
week and caused no interruption of 
therapy. 

During the first 2 to 5 days of the acute 
attack of malaria most patients will re- 
main in bed. For tlie remainder of the 
2 week period of treatment in the hospital 
the patients may be ambulant on the ward, 
but vigorous exercise or overnight passes 
should not be allowed. Each dose of drug 
nuKst be personally administered by a 
nurse or physician and each patient should 
be seen at least twice daily. Patients with 
anemia, severely malnourished, or in poor 
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physical condition should not be treated 
with plasmochin. 

Discussion. The clinical relapse rate of 
only 4% and a total failure rate of ILl % 
following combined treatment with quin- 
ine and plasmochin is very striking. In 
our experience, the clinical relapse for 
10 groups of at least 50 patients each 
has varied from 65 to 85%, with total 
failure rates after treatment of from 75 to 
90% for all groups except the quinine- 
plasmochin group herein reported. 

Analysis of more than 1000 attacks of 
vivax malaria treated and observed here 
for 120 days indicates that Avitliin this 
period of observation the relapse rate after 
any given attack is not significantly influ- 
enced by the number of previous attacks, 
age of tlie disease, or amount, or duration 
of treatment witli quinine or quinacrine. 
It is unlikely tliat these factors (see 
Table 1 for comparison of age of disease 
and number of previous attacks) can ac- 
count for the great difference observed 
between tlie failure rates of 11.1 % follow- 
ing combined quinine-plasmochin treat- 
ment and 85 to 90 % obser\’'ed after quina- 
crine, quinine or other antimalarial drugs 
we have studied. The significance of the 
120 day period of observation after treat- 
ment should be emphasized at this point 
in relation to the probability of late 
relapses occurring after 120 daj's in the 
quinine-plasmochin group. The median 
interval to clinical relapse following treat- 
ment with quinine or totaquine is 24 days 
and 50 to 65 days following quinacrine or 
4-amino-quinoline drugs. Within 120 days 
80 to 90% of all patients treated for an 
acute attack of vivax malaria of Pacific 
origin with cm-rently used antimalarial 
drugs will have interval parasitemia with- 
out fever or symptoms or actually relapse 
clinically. We know that a relatively 
small percentage of failures do occur after 
120 days. It is unlikely that absolutely 
no definitive cures follow treatment with 
quinine or quinacrine but even if this 
were so, the maximum number of failures 
which could possibly occur after 120 days 
observation would be only 10 to 20% of 


treated patients. The median interval to 
failure (parasitemic and clinical) observed 
in the relapses which actually occurred in 
the quinine-plasmochin group was 34 days, 
compared with 36 days for the quinine 
controls. In other words, when quinine- 
plasmochin failed, it did so in the same 
interval after treatment as following quin- 
ine alone. We have now observed 20% 
of the plasmochin group for at least 
ISO days after treatment and no failures 
after 120 days have occurred. Unless 
plasmochin alters the biology of vivax 
malaria in man so that very late failures 
will occur in the majority of treated pa- 
tients, it is our opinion that freedom from 
parasitemia or clinical relapse for 120 days 
which occurred in 90% of our treated 
patients represents definitive cure for at 
least SO % of men so treated. 

Analysis of our plasmochin relapses 
gives us no clue to a possible explanation 
for failure. The average mean quinine 
and plasmochin plasma levels in the fail- 
ures are in the same order and range as 
observed for the whole group treated, as 
well as for the patient in whom 120 day 
cures were observed. There was 1 failure 
of 9 delaj^ed primar^^ attacks treated. The 
a’i'erage age of the disease and the average 
number of premous attacks in the other 
7 failures was comparable to the patients 
in whom treatment was successful. 

Four month cures in 90% of patients 
treated with combined quinine-plasmochin 
raises the question of the general applica- 
tion of this form of treatment for vivax 
malaria. The relatively low clinical re- 
lapse rate of 30% within 120 days for 
■vdvax malaria of Mediterranean origin fol- 
lowing treatment with quinacrine or quin- 
ine makes it questionable whether plas- 
mochin treatment is routinely indicated 
in such infections, especially in the 2nd 
year of the disease. Certain indiwduals 
with vivax malaria of Mediterranean 
origin relapse frequently and at short 
intervals after treatment during the 1st 
year of the disease, particularly if quinine 
is used to terminate the acute attack. 
In these cases, plasmochin-quinine should 



COMIJINED QUININE-PLASJIOCIIIN' TREATMENT OF VIVAX AfALARLA 


559 


be considered, even thougli the likelihood 
of relapse for large groups of Mediterra- 
nean vivax cases is only about 30% in 
320 days following other forms of therapy. 

Since 320 day failure rates after treat- 
ment of attacks of Pacific vivax malaria 
may be as high as 90 %, more serious con- 
sideration should be given to the use of 
combined quinine-plasmochin in this type 
of infection. Even though there is only 
a 10 to 20% chance that a patient treated 
with quinine or quinacrine for his first 
attack will have no subsequent attack in 
320 days, it seems worthwhile to take 
this chance for that attack and possibly 
for tlie next one or two relapses. However, 
the occurrence of repeated attacks at short 
intervals, for example, 3 to 6 attacks dur- 
ing the first 6 months of the disease or 
repeated attacks later in the disease,, is 
in our opinion an indication for the use 
of combined quinine-plasmochin therapy. 
The coexistence of other diseases which 
preclude the use of quinacrine therapeuti- 
cally or for suppression (quinacrine sensi- 
tivity and/or exfoliative or eczematoid 
dermatitis or atypical lichen planus) is 
anotJier indication for tiic use of comijined 
quinine-plasmochin. Likewise, patients 
who relapse frequently at intervals of a 
month or lc.ss after quinine and who can- 
not take quinacrine for the reasons men- 
tioned above can be treated with plasmo- 
chin as outlined in this paper. Finally, 
patient.s whose convalescence from other 
fliseases is interrupted or delayed by re- 
peated attacks of malaria should be con- 
sidered candidates for combined quinine- 
plasmochin therapy. Each case must be 
considered individually and the merits of 
possible cure weighed against potential 
toxicity and a 2 weeks course of hospital 
treatment with plasmochin compared to 
a short safe ('oursc of treatment with 
other antimalarial drugs, although failure 
from the latter is to be expected in a very 
high pormitage of treate<l patients. 

We appm-iate the potential dangers of 
plasmochin. but we are impressal by the 
(Hijuplete absence of severe or serious 
toxicity in our series of ItXl ('onseemive 


white patients to whom we have given 
0.06 gm. plasmochin naphthoate daily for 
14 da^-s. The fact that our patients were 
all white, closely observed in the hospital, 
and in good physical condition may be 
a factor in the absence of toxicity. 

Summary and Conclusions, 1. Quinine 
sulphate, 1 gm., and plasmochin naph- 
thoate, 0,02 gm., simultaneously at 8 hour 
intervals for 1 day followed by quinine, 
0.65 gm., and plasmochin naphthoate, 
0.02 gm., simultaneously at 8 hour inter- 
vals for tlie next 13 consecutive days were 
administered to 72 white patients with 
acute attacks of vivax malaria of Pacific 
origin who were followed for at least 
120 days after treatment. 

2. The clinical relapse rate and total 
failure rate during 120 days observation 
was 4 and 11.1% respectively, following 
the above course of treatment. This is 
in sharp contrast to clinical relapse rates 
of 75 to 85% and total failure of 85 to 
90% based on similar observations after 
treatment of more than 500 patients for 
acute attacks of vivax malaria of Pacific 
origin with quinine, quinacrine or other 
antimalarial drugs. 

3. Combined quinine-plasmochin treat- 
ment resulted in apparent cure in 90% 
of patients as judged by the occurrence 
of clinical relapse or appearance of para- 
sites %vithout fe\'cr or symptoms during 
a period of 120 days after treatment. 
According to the same criteria, only 10 
to 15% of cures follow treatment with 
quinine, quinacrine or other antimalarial 
drugs currently in use. 

4. Xo conspicuous or .serious toxic mani- 
festations were observed in 300 white pa- 
tients who received combined quinine- 
plasmochin therapy for 14 consecutive 
days. The toxic mimifcstation.s one may 
encounter from j)lasmochin have been rc- 
viewctl and the precautions which should 
be observetl in the u.‘-e of this drug out- 
limxl. 

5. The indications for the u.se of com- 
bined quinine-plasmochin in the treatment 
of t'ivax malaria are discussed. 
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In a clinical study^ designed to test the 
suitability of certain gelatin solutions as 
plasma substitutes, the only untoward 
effect encpuntcred was tlie frequent oc- 
currence of thrombosis of tbe injected 
veins. This reaction both was undesirable 
and restricted seriously the number of 
veins available for repeated infusions. 
Because of the high incidence and con- 
siderable extent of venous thrombosis it 
seemed likely that the solutions contained 
a thrombosing substance. 

The present study indicates that mer- 
curial preservatives were tlie probable 
cause of this reaction. 

A. Observations on Patients. Methods and 
Case Material. Eighty injections of 5 differ- 
ent gelatin solutions were made in 39 pa- 
tients. IVitli the exception of 4 injections 
of 500 to 700 cc. each infusion was 1000 cc. 
Before administration the fluid was warmed 
to room temperature in a water bath. Fluid 
was administered by graxity in from SO to 
120 minutes througli a standard venocly.cis 
sett employing a 19 gauge needle. Xo 
technical difiicnltics wore encountered. 

The 39 patients ranged in ago from 20 
to S4 years, the majority being over 50 years. 
They had various chronic diseases sitch as 
rheumatoid arthritis, thrombo-angiitis oblit- 


erans, Laennec’s cirrhosis, chronic glomerulo- 
nephritis and cerebral arteriosclerosis. Of 
these patients, 34 were injected with 2 or 
more preparations at suitable intervals to 
make certain that differences in response 
were not attributable to differences in patient 
material. 

Five minor febrile reactions, 3 with chill, 
occurred during the first 18 injections. It 
was believed that these may have been due 
to insufficient preparation of the equipment. 
Therefore, more elaborate care was taken 
in cleansing glas.sware and tubing. Follow- 
ing this precaution t no further febrile reac- 
tion occurred. 

Results. In general tlie infusion of gela- 
tin solutions was well tolerated. No sig- 
nificant changes occurred in body tempera- 
ture, pulse, respiration or blood pressure 
during or after tlie infusion:?, other tlian 
tlie 5 febrile reactions previously noted. 

Tlirombosis was observed in 27 of SO 
veins injected witli gelatin solutions. Tlie 
lesion was apparent within 24 hours of 
injection, the veins becoming hard and 
cordlike. The hardened vein extended 
for distances of 3 to 30 cm. from the site 
of injection. Occasionally tlie vessel wall 
seemed thickened near the site of injec- 
tion although it remained patent. In such 


• Till' work dc.<criK'(l in thL« paper was done under n contract, recommended by tlie Comraitiee on 
Medic.-d Rt'vcarrli, tvl wcen the Office of Scientific Rc.'^e.trch .and Dcvdopmc.nt and the Rc-'carrh Service, 
1 ir't (CoUinibia) Ditn^ion, Goldwatcr ^tentorial Ho-pital. 

f rpjohn Infu-ion Set. .ojpplicd by Upjohn Company. Kalatnaroo, Mich. 

t The procedure adopted was n5 followa; Dbmamlinc of tepa.-nte p.art.-' of eqnifinient, wn'-biup 
vMth nwu i-aaji, coakinc in preen tonp for 20 minute', riti'inp in runninp t.ap water for 1 fiotir. rin-inp 
rn ttip\>' ib'tulod 'a'ater, pacLnplnp. and ntjtocbavinp at 15 jxjnnd' for 20 niinutC'. 
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instances the veins were not classified as 
thrombosed. Veins were classified as 
thrombosed when ^"enepunct^^e showed 
them to be bloodless. Repeated vene- 
puncture on an appreciable number of 
these vessels after several months showed 
the veins to be occluded. However, in 
some cases the veins were blood-contain- 
ing after a few months. With 3 excep- 
tions the tlirombosed veins were painless 
and non-tender. In these 3 instances the 
patients had complained of pain along 
the course of the 'i'essel during tlie infusion. 
No clinical evidence of embolism from 
the thrombosed sites was observed. 

Table 1 shows the incidence of thrombo- 
sis after intravenous injections with 5 dif- 
ferent gelatin solutions, 4 of which con- 
tained mercurial preservatives. 


B. Observations on Rabbits. Produc- 
tion OF Thrombosis. The thrombosing 
action of phenjd mercuric borate in 3 gela- 
tin preparations and in 10% glucose solu- 
tion was tested in rabbits. Control groups 
were injected with 10% glucose and with 
1 gelatin preparation free of the mercurial 
preservative. A single dose of each 
preparation, equivalent to 20 cc. per kilo 
body weight, was injected into the mar- 
ginal ear vein of the rabbit. The site of 
injection was then examined daily for the 
appearance of thrombosis. On the 4th 
day after injection biopsy of the site of 
injection was obtained by punching out a 
circular section of the ear, 1 cm. in 
diameter. Tissues were fixed and exam- 
ined histologically. 

The results (Table 2) correspond to the 


Table 1. — Ikcioence op Thboj!bo?es Afteb Ixtiuvekovs Injections op Gelatin and 

Glucose Solutions 


Preparation* 


No. No. 

Prejen’.a(ii'C (mg./lOO cc.) injections thromboses 


Upjohn B20G10-27 
Upjohn B20610-A5 
Knox P7-20 . . 

Kno.\- PM 10-20 . 

Knox PXlO-20 . 
t0% glucose in water 
10% glucose in water 


Phenyl mercuric borate 
Phenyl mercuric borate 
Phenyl mercuric borate 
Merthiolatef 
None 

Phenj4 mercuric borate 
None 


4 0 

16 

12 

1 0 

10 

5 

2 5 

12 

5 

3 4 

15 

5 


27 

0 

4 0 

7 

5 


7 

0 


* The Knox preparation was characterized by high viscosity and the Upjohn by low viscosity, 
t Mercury content equivalent to phenyl mercuric borate 2.5 mg. per 100 cc. 


The 2 Upjohn preparations were essen- 
tially alike except for differences in con- 
centration of the preservatives. The 3 
Knox preparations were also alike but for 
differences in the preservatives. Table 1 
shows that thromboses occurred frequently 
after injection with gelatin solutions con- 
taining either phenyl mercuric borate or 
mertliiolate, whereas no thromboses fol- 
lowed injection with a gelatin solution 
(Knox PXlO-20) containing no preserva- 
tive. This effect of the mercurial pre- 
servatives was likewise demonstrated in 
control studies employing 1000 cc. of 10% 
glucose. Five of 7 patients had extensive 
thromboses after injection with 10% glu- 
cose containing phenyl mercuric borate. 
By contrast none of 7 patients receiving 
10% glucose alone had subsequent throm- 
boses. 


observations on patients. Thromboses oc- 
curred frequently with preparations con- 
taining mercurial preservatives, whereas 
only 1 of 12 injections with non-preserved 
gelatin was followed by thrombosis. How- 
ever, unlike tlie experience with patients, 
the intravenous injection of 10% glucose 
produced thrombosis in 4 of 6 instances. 
The most severe and extensive thromboses 
followed the injection of 10% glucose 
containing phenyl mercuric borate in con- 
centration of 4 mg./lOO cc. In 4 instances 


gangrene of the surrounding tissues ap- 
peared 2 weeks after the injections. 

Thrombosis was apparent within 24 to 
72 hours of the time of injection. The 
microscopic appearance of sections taken 
4 days after injection is described as fo - 
lows: Thrombi consisted of fibrin, 
lets, coagulated red blood cells and wide } 
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scattered leukocytes with faded nuclei. 
The thrombotic elements formed masses 
which projected into the lumen or lined 
the endothelium like a membrane. Veins 
containing thrombi were widely dilated, 
and many revealed interrupted elastic 
lamellaB. About the walls of several veins 
were dense edema, fibrin precipitates and 
slight infiltration of lymphoid, mononu- 
clear and rare polymorphonuclear leuko- 
cytes. A few instances of perivascular 
hemorrhage were also found. No necrosis 
or leukocytic infiltration of the vessel wall 
was seen. 


different concentrations was added to the 
gelatin solution in 2 groups of rabbits, 
and in another group sodium thiosulfate 
was added.* The results are shown in 
Table 3. 

Thrombosis occurred in 8 of 10 veins 
injected with Upjohn gelatin solution 
B20610-27 containing phenyl mercuric 
borate, 4 mg./lOO cc. The same incidence 
was obtained with this preparation in a 
previous series (Table 2). The addition 
of either sodium thiosulfate or of methio- 

f* 

nine to the gelatin solution appears to 
give some degree of protection against 


Table 2.— Incidence of Thbombosis in Rabbit Ears Afteb Intravenous Injection of 
Different Gelatin and Glucose Solutions 


Solution 

Phen. mere. bor. 
(mg./lOO cc.) 

No. 

injections 

No. 

thromboses 

Av. Icnglli 
of thrombus 
(cm.) 

Scqucifp 

Knox PXlO-20 


12 

1 

0.60 


Upjohn B20G10 -27 

..40 

10 

8 

1.85 


Knox P7-20 . . 

..25 

10 

4 

0 SO 


Knox P7-180 . 

..25 

10 

8 

1 25 


10% glucose . . 

..40 

0 

5 

4 70 

4 had skin 

10% glucose 

. . .. 

6 

4 

1 20 

gangrene 


Table 3.— Thrombosis in the Rabbit Ear After a Single I.ntravenous Injection of a 
Gelatin Solution Co.vtaini.ng Phenyl Mercuric Borate: 

Partial Protection With Sulfur-co.ntaining Co.mpounds 


I’rcpnralions 

Adjuvant 
(mg./lOO) cc. 

No. 

injections 

No. 

thromboses 

Av. length 
of fhrombti.s 

Upjohn B20ai0-27* . 

. None 

10 

S 

2 2 

Upjohn B20610-27* . 

Methionine 8 

10 

4 

1 1 

Upjohn B20GI0-27* . 

Methionine IG 

10 

4 

1 2 

Upjohn B20010-27* . 

NarSrOj 15 

10 

1 

0 5 


♦ This Kcliilin prcpnration contains phenyl mercuric borate <1 mg. per 100 cc. 


Protection Against Tiiromrosis. An 
attemjit was made to prevent the throm- 
bosing action of phenyl mercuric borate 
by adding various sulfur-containing com- 
pounds to the gelatin solution. The selec- 
tions of these substances was based upon 
earlier reports indicating a protective 
effect by sulfur-containing compounds in 
chloroform*' and by heavy metal poison- 
ing.s.Eio following e.xperimenl.s were 
performed: Four series of 10 rabbits eadi 
were emjiloycd. One gidatin jircparation 
containing phenyl mercuric liorate was 
tisinl throughout. One group received this 
gelatin preparation alone. Methionine in 


tlie thrombosing action of phenyl mer- 
curic borate. Differences between the 
control series and that receiving sodium 
thiosulfate are highly significant. How- 
ever, in the case of methionine these 
differences are not of statistical importance. 

Discussion. The clinical observations 
show that intravenous injections of gela- 
tin solutions containing phenyl mercuric 
borate or mcrthiolate frerpiently lead to 
thrombosis of the injecteil vein. Oilier 
workers^ employing tlie same preparations 
and similar technique have observcrl 
thromboses much less often. The reason 
for this difference in incidence is not 


• .\n .nttonipl to tot 
in Kol.itin {-olution^. 


till' ciTect of 


cy^tino wus unsuceosjful Ix-Muse of the insolubility of this sulistance 
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clear. The experimental production of 
venous thrombosis in the rabbit ear vein 
tends to support our clinical findings. 

The theorj'- has been advanced that the 
toxicity of mercury and of arsenic may 
be due largely to inhibition of — SH en- 
zjraes. Recently Cooh’-^ and his co- 
ivorkers have sho^ra that phenjd mer- 
curic nitrate depresses the activitj'' of 
certain enzj-me systems important in 
tissue respiration, and that this depressive 
action can be prevented by compounds 
containing sulfhydrii groups. The de- 
toxifying capacity of certain dithiol com- 
pounds (BAL)®’®’” for arsenic and mercury 
are attributed to the presence of — ^SH 
groups. Such a reaction could e.xplain 
the lovi' incidence of thrombosis with the 
use of plasma containing this mercurial 
preservative and the relatively high inci- 
dence of thrombosis obtained with the use 
of gelatin or glucose solutions containing 
tlie preservative. Plasma, which is made 
up of complete proteins containing reac- 
tive sulfur groups, might be expected to 
protect against mercuric ions more readily 
than either gelatin or glucose. 

However, in the present study anotlier 
explanation seems indicated, since methio- 


nine and sodium thiosulfate appeared to 
protect against thrombosis caused by 
phenyl mercuric borate. The protection, 
therefore, cannot be ascribed to the 
specific presence of — SH groups. It 
seems more likely that these substances 
converted the mercuric ions to the mer- 
curous form, which would render the com- 
pound less irritative. A similar reaction 
has been observed between mercuric 
chloride and sodium formaldehyde sulf- 
o.xalate,^® 

Summary and Conclusions. 1. Local 
venous thrombosis occurred frequently in 
patients injected with gelatin solutions 
containing phenyl mercuric borate or 
merthiolate. 

2. Venous thrombosis did not occur in 
patients injected with gelatin solutions 
free of these mercurial preservatives. 

3. Similar findings were obtained in 
experimental studies on ear veins of 
rabbits. 

4. The addition of sodium thiosulfate 
or methionine to gelatin solutions con- 
taining phenyl mercuric borate appeared 
to give partial protection against the 
thrombosing action of this mercurial pre- 
servative. 


The authors wish to express their thanks to the Knox Gelatine Comp.anj' and to the Upjohn Company 
lor their helpful cooperation in furnishing materials for this study. 
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Involvement of the bone by Coccidi- 
oidcs imviitis is rare and relatively un- 
known in the eastern parts of the United 
States. With the return of our servicemen 
from endemic areas, every section of the 
country may be confronted with this 
disease. The organism is a specihc fungus 
which produces a primary or initial infec- 
tion usually in the form of a mild pulmon- 
ary involvement. This condition is be- 
nign, self-limited, and generally clears up 
within a few weeks. In many cases, par- 
ticularly residents of endemic areas, this 
phase of the disease is asymptomatic. 
However, of those having the primary 
infection, a small percentage develop a 
secondary or disseminated involvement in 
various parts of the body. This is a very 
serious infection, it may come on months 
or years after the initial phase and usually 
leads to a fatal result. When the bone 
is involved, the clinical pattern of the 
disease frequently resembles a tuberculous 
infection and unless one is aware of this 
condition, the diagnosis is missed. Be- 
cause of the importance of making an 
early and accurate diagnosis of fungus 
infection in tlie bone, the following cases 
arc presented. 

Case Reports. Case 1 . A colored male, 
aged 32, was admitted to Oliver General 
Hospital on April 10, 1045, complaining of 
pain and swelling of tlic left ankle. He gave 
a history that in the c.arly part of J.anuarj' 
1015, while stationed at -Vmchitka, .-Vl.aska, 
he slippeil on the ice and twisted his left 
ankle. Ho had considerable pain and the 


next morning went on sick call, where his 
ankle was strapped and he returned to duty. 
A few weeks later he began to have a throb- 
bing type of pain and noticed swelling of 
the ankle. The pain gradually increased 
and on Februaiy 1 he went to the dispensarjq 
where roentgenograms were taken which re- 
vealed a destructive process of the lower 
end of the tibia, with erosion and elevation 
of the periosteum. He was admitted to the 
station hospital where he was given a course 
of sulfadiazine and penicillin therapy. He 
received a total of 2,250,000 units of penicil- 
lin and 50 gm. of sulfadiazine without any 
relief. 

The patient was inducted in the service 
from North Carolina on Jan. 22, 1942, re- 
ceived his basic training in Louisiana, spent 
3 months in Alabama and 11 months in 
Phoenix, Arizona. He remained 6 months 
in Mississippi and 1 month in the state of 
Washington before being sent to Adak in 
the Aleutian Islands, where he remained for 
11 months. From there he was transferred 
to Amchitka, where 1 month later he twisted 
his ankle. The patient states that he was 
in good health and felt well up to the time 
of the accident. In the past, he has had no 
unusual illnesses with tlie exception of an 
appendectomy in 1937. 

A diagnosis was made of acute non-sup- 
purative osteonn’clitis invohnng the distal 
third of the tibia, of undetermined origin. 
As the patient had spent 11 months in 
Arizona where coccidioidomycosis is knovm 
to be endemic, the possibility of coccidioidal 
infection of the bone was considered. The 
patient was evacuated to the Zone of the 
Interior for study and treatment. During 
the middle of March, while he was in the 


• Frum t!u' Ortliorciic Section nnd EnI>orator>- Scr%-ice. Oliver Gencml Ho--pitnl. Aucii^tn, Gcorjrirv 
nnd fr.uu the MyroloRj- Section, Fourth Serwee Command Medical Ealwratorv. Fort McPherson 
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process of being transferred from Alaska to 
this hospital, incision and dramage were per- 
formed and later a short leg cast was applied. 

Upon admission the patient appeared to 
be slightly undernourished but not acute}5'- 
ill. He had a short leg cast which e.vtended 
from the toes to just below the knee joint. 
The cast was soft, somewhat discolored, and 
had a foul odor. Upon removing the piaster 
there were 2 fairly large granulating wounds, 
1 over the inner and the other over the 
posterior aspect of the ankle joint. There 
were also 4 small draining sinus tracts, and 
the ankle was swollen, especially over the 
inner and posterior sides. The skin over 


(Fig. 2). A number of specimens were taken 
from the wound for culture and guinea pig 
inoculation. The entire area was then 
cleaned and a new cast was applied. 

Laboratory Examinations. Bed blood cells, 
3,190,000; white blood cells, 8850; hemo- 
globin. 64% (neutrophils, 65; lymphocjdes, 
29; monocytes, 3; eosinophils, 1; stabs, 2). 
The urine was acid and had a specific grarit}' 
of 1.018; albumin and sugar xsere negative. 
The blood sedimentation rate was 56 mm, 
at 1 hour. The smears and culture taken 
from the wound disclosed Proteus inilgaris 
and Staph, aureus. The Kahn and Wasser- 
mann reactions were negative. Smear, cul- 



Fig. 1 . — Note the large, irregular wound mth multiple sinus tracts over inner and posterior aspects 

of ankle and foot. 


the inner aspect was red, distended and had 
a shiny appearance. There was considerable 
purulent discharge over the posterior wound, 
while over the anterior aspect of the ankle 
there was a watery, serous exudate. The 
entire ankle was verj^ tender to touch and 
all motions were considerabl}^ restricted and 
painful (Fig. 1). 

Eoentgenograms were taken of the ankle, 
disclosing a large egg-size area of rarefaction 
over the lower end of the tibia just above 
the articulating surface. There was an 
extensive periosteal proliferation over the 
inner and posterior aspects of the lower end 
of the bone. The ankle joint appeared free 


tore and guinea pig inoculation of the 
material were all negative for My<xhaderivv\ 
tuberculosis. Smears were negative for the 
actinomj'ces group. On culture, a fungus 
grew out which resembled a common con- 
taminant. 

On May 4, an incision was made over the 
draining sinus tracts exposing the bone v here 
a defect was found which vas filled ’"'ith a 
grajusb granulating tissue. A number o 
specimens were removed for culture an 
pathologic examination. _ , . 

The pathologic report of the biopsy materia 
disclosed on microscopic section pant ce s 
and at rare intervals single spheroid bodies. 
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One or 2 of these bodies were found in the 
necrotic margins of the tissue. Diagnosis: 
“Tissue granulation with complicating secon- 
dary infection. The presence of rare spheroid 
bodies raises the question of fungus infec- 
tion.” 

The patient’s general condition remained 
unchanged. There was still considerable 
purulent discharge which required changing 
the plaster cast every 2 or 3 weeks. Comple- 
ment fixation studies on this patient’s serum, 
completed in June by Dr. D. S. Martin at 


► /I 
00 / 

wound and the presence of an enlarged, 
tender femoral lymph gland, the patient 
was taken to the operating room on Jub' 18 
and under general anesthesia the gland was 
removed for study. The wound over the 
lower end of the tibia was enlarged and the 
ca\dty in the lower end of the tibia was 
thoroughly curetted and the posterior ledge 
of bone was resected. Several bone and 
tissue specimens were sent to the laboratorj' 
for examination. The report of this material 
is as follows: 



I'lii. 2. -Hooiitcpnopmni^ .‘-hoxvitic nn nrc.T of ra^of.^ction over the IcJwrr ond of tho tibia, tvilli marked 
jiprio'-toal proliferation over the inner aiul posterior aspect. « of the l)onc. 


Duke University, were positive for coccidi- 
oidomycosis in a dilution of 1:64 and nega- 
tive for blastomycosis. 

On July 12, the patient tvas skin-tested 
with ]:]00 and 1:10 coccidioidin and g.avc 
a reaction which was ittterpreted as moder- 
ately severe. At this time a large, painful 
femoral lymph gland was noted on the left 
side. The chest was negative, and his 
pliysical condition was satisfactoia-. Be- 
cause of continued profuse drainage from the 


Spccitunt A: Lymph Gland. Gro.'s appear- 
ance: Plum-sized lobulated matted mass of 
nodes. Gross section of entire ma.'^s shows 
a thin capsule distortion of cortex and 
medulla, ^^^lolc mass is streaked red, white 
and yellow. 

Microscopic studies: Distortion of follicu- 
lar architecture has occurred in this group 
of matted nodes. Gcmrinal eclls of the 
follicles in many fields ap}K>ar to have in- 
creased numerically and where this has oc- 
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curred, ljTnp]ioc 3 des have been compressed 
into a circumferential mantle. Reticulum 
cell proliferation has occurred in the inter- 
follicular tissue (pulp). The tissue is vas- 
cular and reticulum cells in scattered fields 
take part in a tuberele-like reaction. In 
1 field several mononuclear whorls are con- 
joined and central caseation necrosis occurs. 
No double contoured spherules were observed. 

Specimen B: Cnrettings. Gross appear- 
ance; Blood-drenched soft tissue and ragged 
fragments of bone. 


Command Laboratorj' for further studj': 
(A) material from a deep necrotic focus in 
the bone (end of tibia); (B) curettings from 
the same areas as “A”; and (C) wedge of 
tissue from the surface of the granulating 
wound. 

The general procedures followed in the 
studj' of the above specimens were: 1. 
direct microscopic e.vamination; (2) culture 
of the material on (a) blood agar plates, 

(b) Sabouraud’s de.xtrose agar plates, and 

(c) Smith’s synthetic medium for Coccidioides 


Table 1.— Mtcologic Studies ok Case 1 

CuUural studies Direct ammalt inoculation studies 






Animal^ 



Organism 

Material 

Direct 

Media 


inoculation 

Material 


recovered 

used 

observations 

used 

Growth 

results 

used 

Observations 

by culture 

“A” 

Immature 

Blood 

+ 

Tj’^pica) 

“A" 

Sfonse died in 

No cultures 

^Material 

spherules 

agar 


lesions, 

Untreated 

24 hrs. from 

made 

from 

seen 



spherules 


acute bacter- 


deep 




seen 


ia! peritonitis 


necrotic 


Sab.* 

+ 

Tj-pical 

"A” 

Mouse died in 

No cultures 

focus 


agar 


lesions. 

Concentrated 

24 hrs, from 

made 





spherules 

by CuSOi 

acute bacter- 






seen 


ial peritonitis 




Smith's 

+ 

No mouse 






medium 


inoculated 




“B” 

Immature 

Blood 


No mouse 

"B” 

Mouse died in 

No cultures 

Curetings 

spherules 

agar 

+ 

inoculated 

Untreated 

24 hours from 

made 


seen 





acute bacter- 








ial peritonitis 




Sab.* 

+ 

Typical 

“B” 

Mouse died af- 

Culture 



agar 


lesions, 

Concentrated 

ter 10 days; 

isolated 





apbeniles 

by CuSO, 

typical lesions 

killed 





seen 


and spherules 

another 



Smith’s 

+ 

No mouse 


observed 

mouse 



medium 


inoculated 





‘'Spherules of 

Blood 




"C” 

Mouse still liv- 


Wedge of 

coccidioides 

agar 



Untreated 

ing after 4 


tissue 

or blastoray- 

Sab,* 

— 



months 



cesnot seen/’t 

agar 







Smith’s 

medium 


* Sabouraud’fi dextrose agar-. 

t Report from Pathologj- Department, Lawson General Hospital, 
i Animals inoculated by intraperitoneal injection of saline suspension. 


Microscopic studies: In this section of 
curettings from the deeper granulomatous 
focus in bone, the tissue reactions are similar 
to those described above with actual tubercle 
like masses, single and conjoined, with and 
without giant cells studding the tissues everj"- 
where. The giant cells are enormous and the 
constellation of nuclei are centric, polar and 
peripheral. In 1 field and actuaUj' wdthin 
the body of one of these giant cells, there is 
a spherule with double contour capsule. It 
contains several rounded bodies (endospores) 
adherent to the inner surface of this doubly 
retractile limiting membrane. 

The fofiowing parallel material obtained 
at this operation was fonvarded to the 
Mycology Section of the Fourth Sendee 


immitia; (3) mouse inoculation with (o) un- 
treated, materials, and (6) materials concen- 
trated bj' the copper sulfate method of 
Smith. 

The results of the laboratorj' procedures 
just outlined are given in Table 1. They 
prove conclusivelj' that the localized lesion 
invohdng the lower third of the left tibia 
wms caused bj' C. immiiis. While the cause 
of the infection was indicated by the imina' 
tore spherules in the biopsj' material of the 
first examination (IVIaj' 4) and by the results 
of the serolo^c test made in June, it was 
proven bj^ the isolation of the orgafflsm front 
the material removed from the lesion itself- 

In the attempt to follow the course of 
infection, a second specimen of serum vas 
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collected on August 4 and sent to Duke Uni- 
versity for examination. A doubtful reac- 
tion in the undiluted serum was obtained. 
Inasmuch as the antibody titer had dropped 
from a positive reaction in a 1/64 dilution 
in June to a doubtful reaction in the undi- 
luted serum in August, it was felt by some 
that a good prognosis was suggested. 

The patient’s condition gradually im- 
proved. He was confined to absolute bed 
rest and his ankle was immobilized in a 
plaster cast which extended from his toes 
to just below the knee. On July 24 he was 
started on potassium iodide drops. The 
blood sedimentation rate on August IS was 
35 mm. at 1 hour. Vaccine treatment was 
started on Aug. 25, 1945. The first dose 
was 0.1 cc. of a 1:10,000 dilution of coccidi- 
oidin vaccine. The injection was given 
subcutaneously, 3 times weekly, and in- 
creased with each dose. By September 19 
the sedimentation rate was down to 19 mm. 
On October 1 the patient developed an acute 
Vincent’s infection of the left tonsillar 
region, which cleared up in 3 days with 
penicillin treatment. 

His leg cast was removed on October 12 
and roentgenograms were taken. The wound 
over the medial and anterior aspects of the 
ankle was closing in and was one-third the 
.size noted 1 month earlier. Most of the 
.sinus tracts over the back of the ankle were 
healed. Roentgenograms disclo.'jcd increased 
density of the bone with evidence of new 
bone production and healing of the bone 
cavity. The lower end of the tibia appeared 
smooth (Fig. 3). A new cast was applied 
and the patient was permitted to be up on 
crufche.«. Vaccine treatment was continued 
and on October 2.5 he was given 0.2 cc. of 
a 1:100 dilution of coccidioidin. The sedi- 
mentation rate on October 25 was down to 
12 mm. at 1 hour. 

At. the present time the patient feels well, 
has gained weight and runs a normal tem- 
perature, Tile wound ajipears to be healing. 
'I'he infection appears to have been arrested 
temporarily and it is hoped that continued 
treatment will prevent further dissemination 
of the disease and will complete the healing 
of the present lesions. 

(’asi; 2. A colored male, aged 22. was 
admitted to (his hosjiit.al from overseas on 
th't. 24, 194.5, with the chief complaint of 
pain, swelling and discharge in the region of 
the left great toe. lie g.avc a histon.' that 


in the early part of August 1945, while load- 
ing boxes in his Company area in Alaska, a 
box fell and struck his left great toe. The 
toe became swollen and a week later he 
noticed some pus over the side of the toenail. 
Hot soaks were applied at the Dispensarj' 
but mthout any improvement in bis condi- 
tion. On September 12, 1945, he was admit- 
ted to the station hospital at Shemya, Alaska, 
•where the left great toe ’U'as found to be 
swollen and 3 draining sinuses •were present, 
2 on the lateral side of the toe just distal 
to the nail and 1 over the anterior surface. 
Roentgenograms taken at this time dis- 
closed an irregidar destruction of the distal 
phalanx of the great toe (Fig. 4). On Sep- 
tember 18, an incision and curettage of the 
toe was performed under spinal anesthesia. 
At operation no pus was encountered and 
the material removed appeared to the sur- 
geon to be chronic inflammatory tissue. 
The patient was given 120,000 units of penic- 
illin prior to operation, and 10,000 units 
ever}' 3 hours for 3 days afterward. The 
surface w’ounds appeared to improve and 
he was evacuated to the Zone of the Interior 
wdth a diagnosis of chronic osteomyelitis of 
the distal phalanx of the great toe. 

His military history is of interest because, 
as in the preceding case, he spent a period 
of 11 months in Arizona. He was inducted 
into the ser\ice from Alabama on .Ian. 8, 
1942, and received his basic training in Texas. 
From June to November 1942, be was sta- 
tioned at Douglas, Arizona, and while there 
was confined to the ho.spit.al for an undeter- 
mined fever. He later spent 1 month at 
Tucson, and from December 1942 to Isltiy 
1943 he was at Phoenix, Arizona. He re- 
mained G months in Mississippi and 1 month 
at Seattle, Washington, before being sent to 
Adak in the Aleutian Islands, where he 
remained for 1 year and from there wa? .cent 
to Attu where he stayed until M.ay 1945, 
when he was sent to Alaska. 

Upon admission to this hospital the pa- 
tient did not appear acutely ill. Tliere w.as 
a rather large, irrc.gular, granulating wound 
over the outer and distal aspect of the left 
grc.at toe. The skin edges were raised and 
had a grayish, dull ajijwarancc. There wa*; 
a moderate amount of ])urulcnt discl’.arge. 
The distal end of the toe w.a? greatly en- 
larged and Very* tender. His gonenil condi- 
tion apjx'.ared satisfacton- .and the heart 
and hings were clear. Blood pressure was 
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124 systolic and 74 diastolic. Liver and 
spleen were not palpable. Roentgenograms 
of the foot disclosed an area of destruction 
of the terminal phalanx of the left great toe. 
Roentgenograms of the chest and spine were 
negative. 

Laboratory Examinations (Oct. 2G, 1945). 
Red blood cells, 3,250,000; hemoglobin, 
62%; white blood cells, 10,400; (neutro- 
phils, 60; lymphocytes, 24; monocytes, 
13; eosinophils, 10; staff cells, 3). Be- 
cause of the high number of the eosino- 
phils found, the blood count was repeated 
2 days later and the count di.sclosed 4% 
eosinophils. The blood sedimentation rate 


several double-contoured spherules present 
amid several bits of granulation tissue. Re- 
lated to some of the spherules are tj^pical 
Langhan’s giant cells and an occasional early 
tubercle-like lesion, consisting of a mass of 
epitheloid cells wdth a slightly necrotic center 
surrounded by lymphocytes. Elsewhere the 
granulation tissue is heavily infiltrated by 
numerous plasma cells, Ij'mphocytes and 
neutrophils. One tag of tissue is particularly 
covered by normal squamous epithelium. 

Specimen B. Bloody Cnrellings from a 
Deep Focus. Microscopic studies: Essen- 
tially the same findings as in “A”, with 
addition of a bit of calcium present on the 



lT(i. 4. — RooiitRoiiOKram .“liowiiiK r.nrcfnrtioii witli irrcRiil.nr ficstnirtion of the ciist.'i! plml.inx 

of the prc.’it toe. 


was 49 mm. at I hour. The Kahn reaction 
w.as negative. Urine was acid, specific grav- 
ity 1.014 and l-b albumin. Skin test with 
coccidioidin in dilution of 1:100 and 1:10 
were negative. The. patient was running a 
moderately elevated temperature varj-ing 
from 0S° to 102° F. Becau.^e of continued 
drainage from the wound, the patient was 
taken to the operating room where the .sur- 
rounding infected .soft tissuc-s were cxci.sed 
and the bone thoroughly curetted until 
healthy appearing bone was reacherl. ?pcci- 
mens of the soft tissue and curettings were 
.sent to the laboratory for examination. 

Spcciincii A. Exuln'rant Granulatimi.<^ from 
WourJ. Microscopic .studies: There are 


periphery of the section. No squamous 
epithelium present. 

The follom'ng parallel material obtained 
at the operation was forwarded to the Mycol- 
og>* Section of the FoOrth Service Command 
Medical Laboratory- for further study; (a) 
wed.gc of tissue from surface of granulating 
wound; (h) curettines from the deep focus 
in the bone (distal phalan.x). 

The results of the laboratory procedures 
are given in Table 2 and prove definitely that 
the localized region inYoh-ing the distal 
phalanx of the great toe was eausetl by the 
Coccidioidcs immitis. 
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Table 2.— Mycologic Stobies on Case 2 
Cultural studies 


Material used 

Direct 

observations 

Media used 

Growth 

_ Aniroalt 
inoculation 
results 

Legend 

Specimen *‘A” 
(Direct streaking of 
specimen) 

Mature spherules 
■nith germinating 
cndospores seen 

Hormone blood 
agar 

Sab.* agar 
Smith’s medium 
Special selectrv'e 
mediumf 

■f 

d" 

+ 

4 * 

No mice injected 

No mice injected 
No mice injected 
Typical lesions; 
spherules seen 


S«’ab inserted in same 
tube—stroaked 


Hormone blood 
agar 

SaK* agar 
Smithes medium 

+ 

d- 

4 - 

No mice injected 

No mice injected 
No mice wiected 


WashingB from tube in 
uhicb specimen was 
sent poured on plate 


Hormone blood 
agar 

Sab.* agar 
Smith’smedium 

-f- 

4* 

4- 

No mice injected 

No mice injected 
No mice injected 

Direct animal inocula- 
tion studies 

CuSO, concentrate 


Special selective 
mediumf 

4- 

Typical lesions; 
spherules seen 

Two mice injected; both 
died and tjpical les- 
ions and spherules were 
obsen’-ed; organism re- 
covered ^upon culture 

Specimen “B” 
(Direct streaking of 
specimen) 

IMature spherules 
'ftith germinating 
endospores 

Hormone blood 
agar 

Sab.* agar 
SmitVa medium 

d" 

+ 

+ 

No mice injected 

No mice injected 
No mice injected 


CuSO< concentrate 


Special selecth'e 
mediumf 

+ 

No mice injected 

Two mice injected: both 
died and typical les- 
ions and spherules n ere 
observed: organism re- 
covered on culture 


Specimen A: nedge of tissue from surface of granulating •nound. 

Specimen B: ourettings from the deep focus in the bone (distal pha!an.v). 

t .* } . medium in hich penicillin and strepto/nycln are used as inlubiting agenta Details 

to b< r ’ ‘ • ”1 

t Animals inoculated by jncraperitoneal injection ot saline suspension. 
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Discussion. While the mycologic stud- 
ies in both cases were similar, and the 
criterion for the positive identification of 
the culture were the same, namely the 
development of tj^iical lesions and the 
observation of typical spherules in these 
lesions, one or two facts should be pointed 
out. First, in Case 1, the spherules as 
they appeared in the direct microscopic 
examination of the tissues were immature, 
“empty” double-walled structures, not 
showing the endospores that are normally 
associated with typical spherules; while 
in Case 2 a large percentage of the spher- 
ules observed showed the germination of 
the endospores within the spherule (Fig. 5). 
Secondly, in Case 2, the concentrated 
material tliat was prepared for direct inoc- 
ulation into a mouse, grew in pure culture 
when streaked on culture media (although 
the authors of the copper sulfate metliod 
of concentration do not recommend cul- 
turing of the concentrate). Thirdly, when 
the infectious material was streaked upon 
hormone blood agar containing penicillin 
and streptomycin as inhibiting agents, tlie 
fungus grew in pure culture when the con- 
centrations were 25 units of streptomycin 
and G units of penicillin per cc. of tlie 
medium. The growtli on tins medium 
was faster and more abundant than on 
Smith’s medium. 

Serologic tests on this patient were run 
at the Stanford University School of 
hlcdicinc, and the results were as follows: 


complement fixation test: 4-}- in 1 : 64 and 
2-1- in 1:128; precipitin test 3-}- in un- 
diluted serum and 2-}- in 1 : 10. The report 
stated “Findings indicate a disseminated 
coccidioidal infection (coccidioidal granu- 
loma) which checks with finding the organ- 
ism {Coccidioidcs ivimitis) in the tissue 
biopsy.” 

Summary. 1. Two cases of dissemi- 
nated coccidioidomycosis with localized 
lesions in bone are presented. Both pa- 
tients are colored males and give a history 
of having been stationed in southern 
Arizona for 11 months. 

2. Complement fixation studies of the 
patients’ serum were positive for Coccidi- 
oidcs immilis. 

3. Microscopic examination of biopsy 
material disclosed immature spherules in 
Case 1 and typical, mature spherules in 
Case 2. 

4. Cultures of material in both cases 
grew colonies of Coccidioidcs ivimitis. 
Mice inoculated with these cultures died, 
and at autopsy gross lesions were found 
characteristic of a coccidioidal infection. 

5. Mice inoculated with concentrated 
curettings of the biopsy material died and 
spherules characteristic of Coccidioidcs im- 
miiis were demonstrated in the gross 
lesions and the organism was recovered 
from the animals upon culture. 

Case 2 has since died as a result of 
disseminated lesions all over the body. 
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IN line wth our interest in the special 
dietary requirements of diabetics, sys- 
tematic studies of circulating tntamin A 
and carotene in diabetic patients were 
undertaken when the simple and depend- 
able photocolorimetric technique for the 
measurement of small amounts of vita- 
min A became available,®''® Stated evi- 
dence in the literature, that the diabetic 
organism has difficulty in the normal con- 
version of carotene to vitamin A, was not 
coninncing. This concept was suggested 
by eiddence of a trend toward defective 
carotene “tolerance” in diabetics studied 
by Ralli and her associates,'' and by 
Heymann.'^ These studies were made 
before it was practically possible to deter- 
mine whether the tendency toward h;)'per- 
carotenemia among diabetics was also 
accompanied by a trend toward compara- 
tively low levels of circulating vitamin A. 
In later papers*-® the common observation 
of faulty visual adaptation among dia- 
betics was accepted as eiddence of idta- 
min A “deficiency,” an assumption that 
appeared untenable to us from lack of 
correlation between directly measured 
\dtamin A in the circulation and idsual 
performance in either diabetics or nor- 
mals.'’ 

In the European literature there was 
occasional reference to a peculiar caro- 
tene: wtamin A relationship attributed to 
defective handling of both the intamin and 
pro-vitamin, based on the finding of 
e.\'cessively high levels of both in the blood 
stream of some diabetic patients,' but 
individual data were not recorded. At 

* Pan-American Fellow in Human Nutrition, 

t Present Address, Hoffmann - 1 a Roche, Ir 


that time only a small group of continental 
workers were using successfully the exact- 
ing chemical determination of blood vita- 
min A perfected in Dutch and German 
laboratories,®®'*®'®' which was patently not 
adaptable for widespread use.®*'®’ 

Our preliminary' blood assays nith the 
simplified method seemed noteworthy, 
mainly in a negative wajq failing to reveal 
any impressive tendency among diabetics 
toward either the high carotene: low wta- 
min A relationship suggested by the theory 
of faulty carotene conversion, or the high 
carotene: high ^^tam5n A mentioned by 
continental workers. Indeed, hypercaro- 
tenemia, with or without .xanthochromia, 
itself seemed surprisingly inconspicuous in 
our general run of diabetic patients as 
compared with miscellaneous hospital pa- 
tients whose blood we examined. 

In connection with these apparent dis- 
crepancies, 2 possibilities suggested them- 
selves: (1) That (a) the non-uniformity 
of diabetes, and (6) extradiabetic factors 
coming to be recognized as affecting avail- 
able vitamin A may have been too little 
recognized in attempts to generalize about 
the diabetic’s ability to handle vitamin A; 
and (2) that the metabolic status of dia- 
betics in general may have improved in 
this as in other respects with the progress 
of therapy since the term “xanthosis dia- 
betica ” was introduced into the literature 
of the disease by' Von Noorden.-® 
therefore, felt it worthwhile to accumulate 
a sufficient body of data for somewhat 
detailed analysis. 

941-43. Present address, SSo Paulo, Braril. 
Nutlcy, S.J. 
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Method and Material. In the following 
study, levels of plasma carotene and vita- 
min A in 116 unselected diabetics from whom 
blood samples could be obtained before the 
beginning of hospital treatment, were scruti- 
nized and compared with our findings for 
healthy control subjects of both sexes. The 
admission blood sample in each case was 
taken as representative. Later anatyses 
made during the hospital stay are considered 
only by way of illustrating possible effects of 
treatment or other factors of contributor}' 
interest. 

The chemical method which we used for 
determination of the vitamin A and carotene 
was the adaptation to plasma analysis of 
Dann and Evelyn's method for assay of 
oils’* previouslj' described by one of us."* 
Though the analytical procedure itself has 
lieon well standardized and individual re- 
sults proved closely reproducible, there arc 
still differences among different laboratories 
in the ultimate standard by which the 
method has been calibrated for vitamin A, 
and in the choice of terms in which the 
results are expressed. Hence absoMe figures 
for the vitamin must be judged quantita- 
tively, pending final translation, with refer- 
ence to the norms established in the inter- 
pretation of the photocolorimetric measure- 
ments. 

Males and females arc considered sepa- 
rately throughout our discussion bccau.^c of 
the widely observed sox diffcmf’cc in blood 
level of vitamin A**-’'-'-' Rcrardless 
of the reason for this difference, wc I)elieve 
that its recognition is essential iTi c.'^tab- 
lishing significant deviations from the nor- 
mal .status. 

Hesults. Prcliwiitarji Survnis of Dala. 
Tlie «')(/'’ iuirr-iitdiridun} rariahililii in the 
pla.sma vitamin levels among diabctic,s as 
compared with our findings for normal 
ituiivitluals is striking. A seattergraph of 
the values for our diabetics and of our 
normal controls of the corresponding sex 
siiowed that all possible t CPI's of departure 
from the normal range in carotene, vita- 
min A or both occurred in the diabetic 
series, rnexpeetedly. the most prominent 
trend among the diabeti(^s was towanl 
hw levels of haih vitamin and pnwitnmin. 
though patients were also observed with 


directions. The problem then became one 
of looking into individual records to see 
if common denominators might be found 
to relate groups of patients with similar 
types of abnormality in their carotene; 
vitamin A picture. 

Fi/uil Grouping of Cases and Analgsis of 
Data. When the patients were classified 
for group comparisons according to fac- 
tors relating to their diabetes, there was 
no correlation between observed plasma 
vitamin levels and such diabetic criteria 
as presence or degrees of ketosis, or in- 
creasing, decreasing or stable needs for 
insulin. It seemed more probable that 
any effect of the diabetes per se on the 
circulating vitamin supplies might well be 
overshadowed by factors not necessarily 
peculiar to the diabetic. On reviewing 
the individual histories the empirical 
scheme of case grouping showm in Table 1 
seemed logical, and became the basis for 
further surveys -of the data. 

Individual data in our 1 16 diabetic cases 
are aligned according to this classification 
scheme in Table 2, where the wide range 
of blood vitamin A and carotene levels 
throughout the list is apparent, even wfith- 
in sub-groups. Our findings are summar- 
ized by groups in Table 3, where the 
average figures for normals are also given. 
In Figures I A and IB the data on carotene 
and vitamin A for both diabetics and 
normal controls from this laboratory* are 
plotted together on scatter diagrams in 
such a way that the diabetics and normals 
can be distinguished at a glance, and sub- 
groups among the diabetics can also be 
recognized. 

By direct graphic comparison, 49% of 
our male diabetics and 47 % of the females 
are found to have had vitamin A : carotene 
levels outside the extremes of the norm.al 
range when they entered the hospital. 
Several further genendizations can be 
made from .simple visual inspection of the 
graphs; (1) Diabetics with “abnormal” 
xitainin A: carotene relationship are repre- 
sented in .all 4 quadrants of the scatter- 
graphs. (2) The total diabetic scatter is 


values out.sMe the nonnal range in other skewed toward the left lower quadrant, 


• Rrforentv ir. j>lu« some additjon.nl unp«h!ehc<i dn!r 
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that is, in-the direction of low levels of both 
vitamin and pro-vitamin. This trend is 
apparent for both sexes, but particularly 
for the males. (3) Symbols “1 ” and 
denoting cases with active infections, stand 
out in this left lower quadrant of the 
graphs, particularly for the males. (In- 
fections were twice as frequent among 
our male diabetics as among females — 
Table 2.) (4) The tendenc^’^ toward low 
plasma vitamin levels noted among cases 
with infection is also observed for the 
miscellaneous or unclassified group of male 
diabetics (symbol “0”)- (5) Diabetics 

with serious renal disease (symbol “X”), 


xanthochromia, with a plasma carotene 
level above 600 y %. Study of the indi- 
vidual records of these patients disclosed 
in 5 of the 9 factors not necessarily asso- 
ciated mth diabetes that can contribute 
toward high levels of circulating carotene, 
i. e., history of prolonged high carotene 
intake (patients c, e and i), or advanced 
renal disease (patients / and h, Table 5). 
One of these, patient i, affords the single 
instance of low circulating \dtamin A with 
markedly elevated carotene that we had 
expected from the theory of defective 
carotene conversion in diabetics to en- 
counter more often. 


Table 1. — Classipicatiox op 116 Diabetics According to Features Aside From Their 
Diabetes With Possible Beabing on Circulating Vitamin A and Carotene 


No. cases 

Male Female 

27 30 

23 11 


8 12 


1 4 

59 57 


Identifying 
group symbol 


Miscellaneous— unclassiBcd 

Infected: 

Conditions frequent among diabetics . 

Infected gangrene, infected ulcer, or osteo- 
myelitis further complicating 1 of these 

Misoeilaneous infections 

Infected injuries; nose or throat, head, face, 
teeth; urinary; abscess 
" ■ ■ • ■ ■ It: 


low fat diet; malab- 
sorption {«:: pancreatitis) 

From endogenous causes 

Faulty storage (ex: hemochromatosis); ex- 
cess use or destruction (ex: thyrotoxicosis) 
Advanced renal disease 


0 

1 

2 

3 

4 


X 


Combined in averaging 


Combined in averaging 


though their number is small, are invari- 
ably represented in the right upper quad- 
rant of the graphs, showing higher than 
average plasma levels of vitamin and 
pro-vitamin. 

The trends mentioned in (2) through 
(5) are slioivn numerically in the figures 
of Table 4, giidng tlie proportions of each 
class of diabetic found to be represented 
in different areas of the scattergrapbs. 

Diabetic Carolencmia. Table 5 lists the 
9 patients in our diabetic series of 116 un- 
selected cases who on hospital admission 
showed frank carotenemia, i. e., values ex- 
ceeding the highest levels in our control 
series for the given sex. In the majority'- 
of these the degree of carotenemia was 
well within the range of levels we have 
seen produced by high carotene diets in 
non-diabetics. Only 1 patient showed 


Discussion. The relatively vude inter- 
individual tariability in the levels of cir- 
culating carotene and ritamin A encoun- 
tered in a group of sick individuals as 
clinically diverse as unselected diabetics 
should not seem surprising, even in our 
present incomplete state of knowledge 
about metabolism of the ritamin. Wide 
variation also characterizes the few’ indi- 
vidual data for diabetics that we could 
glean from the Uterature.'^’®*'*'^ Without 
need to seek a specific diabetic anoinaii 
one can recognize in the histories of thfse 
patients many factors capable of disturb- 
ing the Autamin A and carotene levels; 

Factors that May Decrease CirciiMinS 
Vitamin A andjor Carotene Letch. The 
effect on the plasma vitamin level of de i- 
cient exogenous vitamin supply, of con i- 
tions associated with defective absorption. 
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Fig. 1. — A. 



Fig. \.—B. 


with 


Figs. 1.4 and \B . — Plasma vitamin A and carotene relationship in diabetics in compan'^n ^ 
normal controls of tbe same sc.t. Normal controls, ® Diabetics: Miscellaneous— racl3‘'in‘' ’ _ 
Infected cases, with: Conditions common in diabetes. 1: miscellaneous condition'. 2. Pre -sump 
vitamin A deacient, through; Exogenous causes. 3: endogenous causes, 4. Xephritto. * 

Solid Coordinates = average levels for normal controls. . Broken lines define oi i 

1 2 and 3 std. de'iations from averages. 


of 
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and of liver disease need not he diseussed 
here. Nor are these, of eourse, peculiar to 
the diabetic. Less generally realized in 
this connection, perhaps, are the possi- 


bilities of fever and sepsis, and perhaps of 
acidosis, and low fat diet. 

The association of lowered circvilating 
vitamin A levels with factors of scpalf 


TAiihi : 3.— Age and pEAS^fA Vita.vin A and Carotene Averages of Diabetics bv 
• SuB-GRours OF Working Ceassification (Table 1) 


Males Females 





Av. 

Av. 

Av. 



Av. 

Av. 

Av. 


No. 

Av. 

vit. A 

car. 

A/C 

No. 

Av. 

vit. A 

car. 

A/C 

Group and identifyinu symbol 

casG3 

age 

(I.U. %) 

(y%) 

ratio 

cases 

ftge 

(I.U. %) 

(y%) 

ratio 

0 Miscollftncotis, vinclp*?sifiocI 

. 12 

34 




10 

27 




A-S and C-V, normotensive . 

. 9 

5.5 




5 

59 




nypertensive 

3 

CG 




13 

61 




ConR. failure 

. 3 

09 


-- 


2 

05 




All miscclinneous . . , . 

. 27 


105 

150 

0.70 

30 


113 

195 

0.58 

1 Infections, common in diabete.s 

2 Infections, miscellaneous 

. 13 

GO 

82 

95 


3 

65 

00 

78 


. 10 

3G 

78 

124 


8 

28 

75 

192 


All infections 

. 23 

49 

80 

108 

0.75 

11 

38 

71 

101 

0.44 

3 Possible v\l. A dcficicnej': 











E\ORcnous 

, 7 

30 

101 

271 


7 

54 

88 

208 


4 Possible vil. A deficiency: 











EndoRcnons .... 

. 1 

45 

C3 

240 


5 

53 

76 

122 


All defieiencios .... 

. 8 

32 

94 

232 

0.40 

12 

53 

83 

172 

0.48 

X NcpliritiH 

. 1 

GO 

151 

108 

0.90 

4 

*15 

144 

304 

0.40 

AveraKca for normal controls . 

• 


167 

126 

0.70 



90 

203 

0.45 

Table 4.— Distribution of 

Plasma Vitamin AiCarotene Levels of 

Diabetics by 

Sub-grovps 


(PerenUnors of Eiicli Group Ropresentod in Different Qu.odr.ints of tlie Scatterurnphs) 


Mates Females 





hhq 

LUp 


RLQ 

LLQ 

LUQ 

RUQ 

RLQ 




Loiv 

Ilieh 

, Hicb 

Low 

bow 

. HiRh 

HiRh 

Low 




vitamin .4 

vit \min 

vita.ni a A 

vitamin X 

vitamin A 

vitamin X 

vitamin A vitamin A 




boa- 

bo.v 

nidi 

Hith 

bo.v 

Low 

Hich 

High 


urou]> pyintiol mid typo 

carotene 

e-irotene 

carotene 

C.ar.atene 

carotene 

carotene 

carotene 

carotene 

0 

Mipocllnnootis 

<0) 

. 50 

8 

17 

25 

18 

55 

18 

D 



(5) . 

. .59 

7 

7 

27 

13 

41 

3:) 

13 


Iiifootions 

(0) . 

. 92 

S 



80 


14 




(M . 

. 83 

9 

4 

4 

73 

9 

9 

*9 

.1 

Ooficirncy 

(o) 

. 20 



89 

7a> 



25 

4 


(h) . 

. 33 


11 

50 

07 

8 


25 

X 

Nopliritic 

(0) . 







I no 




(b) . 



100 




100 



(a) (’'n..es wuli almnrmal vitaiiiiT) ]evrl«. 

{!>) .Ml ea''< s HI tins prmi)>. 


Table .'5.— Diabetics With Abnobmm.ly High Plasma Carotene Found in Unselected 
Series of 110 f'ASi;s on Hospital Admi.s.^io.n 


No. in 
t h»-t 

Group and 
Group No. 
(Tntdr 2) 

Sev 

-Ape 

Vit. .\ 

(I.U- Tr) 

Plasm: 

Carotene 
(9 Tc) 

a 

0 

IS 

•M 

.53 

IBS 

.331 

h 

3 

■1 

.M 

17 

IPS 

372 

1* 

0 

20 

M 

59 

105 

390 

d 

0 

II 

F 

.50 

82 

.300 

f 

0 

21 

r 

55 

101 

.390 

f 

X 


F 

37 

1.39 

4)1 

r 


I! 

F 

24 

122 

403 

i 

X 

1 

r 

37 

1 25 

.510 

1 

3 

1 

r 

o7 

rj) 

01.3 


A/C 


ratio 

Notes from clinieal records 

0.32 

Fairl.v recent diabetes, mwi. .severe: debv- 
dr.ated; -ariRbt lo^s 

0.32 

Old diabetic, now in ketosj,; marl.edlv iin- 
dernourished; rai'iii nricbt lo** ree’ently 

0 42 

Old diabetes, severe; IurIi veRej.able, Rood frit 
diet, ndliered to for year* 

0 2.3 

Mi>l. seven, diabetes for .several years; weiRht 
i «%<•«. 

0.38 

Recent diabcn-s. sta’de; consistently hiRb 

fa! diet 

0 32 

Old .iiabe.rs, not ndsfiuatelv controlled; 
mabrmanl neidirterlerosis v\i‘.b low urea 
p} "'ll r*' 

0 2>5 

Old pA! wrW clir, 

» i till tF» tfiff'c 1 ion ^ \ p'vj'rmic 

r.nn 

0 2,3 

MjI i r malic. 

O.po 

Old •''X'f'Tc, rontrollM* 

zrA for Ion;: xsr.th'vhrc-iK 
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and fever has been pointed out in patients 
with miscellaneous diseases.®-^^’^ In acute 
infections the decrease in circulating vita- 
min also appears to be acute, and need 
not be looked upon as a sign of %dtamin 
depletion. The temporary nature of the 
fall in blood vitamin levels with acute 
infections in children®’*® appears also in 
the cases of adult diabetics listed as 
patients 1 through 5 in the Appendix here- 
with, who happened to develop acute in- 
fections while under our observation. The 
sharp drop in plasma vitamin A following 
onset of the febrile complication, with 
recovery in the level paralleling clinical 
recovery of the patients, could suggest 
augmented temporary use or destruction 
of the vitamin because of the infectious 
process. Another explanation might be, 
as Popper and Steigmann suggest,^* in 
secondary hepatic changes which tempo- 
rarily inhibit release of the vitamin from 
the liver into the blood. Ellison and 
Moore*® found that liver stores of ^dta- 
min A were not reduced in patients who 
had died of acute infections. 

The low blood vitamin levels that 
show up prominently among our diabetic 
patients with chronic infections common 
in this disease, on the other hand, can with 
confidence be taken to represent actual 
depletion of body stores of vitamin A. 
Moore’s vitamin A assays*® in the livers of 
patients who had died of various types 
of disease did not show low liver stores 
in diabetics as a class. On the other hand, 
depleted stores were the rule in septic 
diseases of chronic types including osteo- 
myelitis, cellulitis, carbuncles and septic 
arthritis. Our diabetics with similar infec- 
tions such as often complicate this dis- 
ease represent on the whole an older age 
range than the unclassified cases (Table 3). 
The low blood vitamin levels prominent 
in the whole infected group (symbols “1 ” 
and “2”) may reflect both the long-time 
effects of chronic disease and the im- 
mediate effect of febrile complications. 
Incidentally, A/C ratios in this group, 
average close to those for our normal con- 
trols of the appropriate sex (Table 3). 


Cases 4 through 7 in the Appendix sug- 
gest that diabetic coma acts much like an 
acute infection in causing sharp but tempo- 
rary decrease in the levels of circulating 
wtamin A, though more evidence on the 
degree of reversibility of this effect is 
needed. In view of 'the profound dis- 
turbance in metabolism within the liver 
and kidneys, among other tissues, pro- 
voked by diabetic acidosis, it is not sur- 
prising that marked decreases in circulat- 
ing vitamin A should be seen in these 
patients, nor that these, according to some 
observations by Wendt,®® may not always 
be promptlj' reversed when insulin ther- 
apy is first made effective. 

Cases 8 and 9 in the Appendix suggest 
that an incidental possibility for rapid 
reduction of plasma vitamin A levels 
that could easily be overlooked in single 
determinations may lie in sudden shift 
to a low fat diet. These changes (and the 
others in the appended cases) are sig- 
nificantly larger than any short-time 
changes we have observed in following 
the plasma vitamin A of subjects on 
reasonably constant regimens. 

Factors That May Increase Circulating 
Vitamin A andjor Carotene Levels. Two 
possible factors aside from exaggerated 
intake need to be considered in this con- 
nection: hyperlipemia and renal dise.'i.se, 
neither of which is peculiar to diabetics. 
Observations by Josephs*® suggest that in 
conditions with hyperlipemia the high con- 
centration of lipoids in the blood may 
retain large amounts of carotenoids in a 
non-utilizable state in the circulation. 
That no complete or simple e.xplanation 
for the variable incidence of carotenemia 
in groups of diabetics could be lioped for 
in this factor, however, seemed clear earl.' 
in our study. In unpublished e.vpcriments 
we had found that neither vitamin A nor 
carotene in the plasma was affected 1>> 
frank lactescence after vitamin- and fat' 
rich meals. In preliminary studies on our 
diabetics, the smaller amounts of tota 
fat in the plasma before meals was deter- 
mined grarimetrically without any cm- 
dence whatever of its correlation with tota 
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carotenoids in the same plasma. Further 
lipoid studies of the ordinary tj'-pes within 
our reach therefore did not seem promising. 

The elevated levels of vitamin A and/or 
carotene in the plasma of some patients 
with advanced renal disease again suggests 
a possible relationship with hyperlipemia, 
since in some forms of nephritis all of the 
lipoid constituents of the blood are said 
to be elevated.^- Sporadic reports in the 
literature®’‘^’“ of surprisingly high vita- 
min A levels in patients with nephritis 
are matched in our own laboratory records. 
These show that the highest levels we had 
encountered in any undosed individual 
were recorded and confirmed in a non- 
diabetic patient with nephritis. In this 
patient, as in 1 of our nephritic diabetics 
(patients X-1, F) and occasional other non- 
diabetic ncphritics traced in our records, 
low levels of plasma vitamin A would 
have been anticipated either because of 
infectious processes, or dietary history. 
It would be interesting to know how often 
the factor of renal disciusc has been present 
in diabetics in whom elevated levels of 
vitamin A or carotene have been noted. 

The high levels of vitamin A in the blood 
stream of the nejihritic are not necessarily 
inconsistent with the low liver stores in 
this disease reported by iNIoore*® and others 
quoted by him. Ba\nnann, Foster and 
Moore- have shown tiiat certain conditions 
which deplete the liver of its protein 
stores also interfere with the hepatic stor- 
age of vitamin A, presumably by reducing 
the liver constituent with which the vita- 
)nin is chemically associated. Loss of pro- 
tein from the body in certain forms of 
kidney disease might also reduce the pro- 
tein necessary to store vitamin A. This 
factor, with liberal vitamin A in the diet 
and i)Ossibiy elevated blood fat, could con- 
tribute to the unexpectedly high plasma 
vitamin levels of the nephritic. 

The Concepi of “ Diahelic Corotrnrruia.’' 
Tlierc remain for further consideration 
certain individual eases of carotenemia 
among our diabetics (Crises o. h, d, p, and 
the extu'tne wndition in C.ase i in Tabic 5) 


and the relatively small incidence of caro- 
tenemia in our series in comparison udth 
other studies. One factor, poor rndri- 
iional stains, not necessarily considered 
dominant in our original classification of 
the cases, was common to 4 of these 5 pa- 
tients, and could'possibly be suspected in 
the fifth from her chronic susceptibility to 
infections. Inadequate nutrition in con- 
nection with poor carotene use also invites 
speculation from the observation that 
6 of the 8 diabetics in our entire series 
with plasma carotene : vitamin A outside 
the extreme of the normal range in the 
direction of high carotene: low vitamin A 
(right lower quadrant in the 2 scatter 
graphs) were in 1 of the groups judged 
nutritionally "deficient” in our original 
working classification. Patient i, with the 
most extreme carotenemia and lowest A/C 
ratio in the series, had this feature in 
addition to a long-continued high carotene 
diet. 

The possible importance of general 
nutritional status in the ability to handle 
carotene normally was reinforced at this 
point in our study by the re-reading of 
Conner’s classical paper on carotenoid 
measurements.’ In his discussion he 
pointed out a prevalence of hypercaro- 
tenemia among certain non-diabetic groups 
— orphans and inmates of a.sylums — who 
were notably ill-nourished at th.c time of 
the first World War. This was evidently 
lost sight of in the search for explanation 
of the carotenemia seen among diabetics. 

The metabolism of carotene, in which 
the provitamin is broken down to yield 
vitamin A, may prove to involve a step- 
wise oxidative reaction, rather than simple 
splitting with hydration, often jissumed.* 
This may be but 1 of many similar meta- 
bolic processes, perhaps all of them linked 
with the metabolism of carbohydrate, 
which can no longer be properly consum- 
mated when nutrition of the organLm as 
a whole breaks down. Wliilc total stan-a- 
tion leads to exhaustion of stores and very 
low blood levels of both \-itamin A and 
carotene, essential malnutrition in the 


• tve .nr.' indebted to Dr. C. A. Baumann for XhU rjRcc^tion. 
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presence of continued intake of carotene- 
containing foods may result in carotene 
accumulation and \atamin A starvation 
such as we see in some diabetics. This 
picture seems to be growing less familiar 


as time goes on, partly, it would be reason- 
able to suppose, as general malnutrition, 
deliberate or unavoidable, becomes cor- 
respondingly less frequent among diabetic 
patients. 


Cases Showno Possible Effect of Specific Factors on Plas.ma Vitamin A 

e> 

Case 1 . No. 120677, F, age 69. Mild diabetes, without ketosis, discovered on admission for cataract 


surgery. 15 units protamine 

insulin. 



Date 

Vitamin A 

Carotene 

A/C ratio 

Remarks 

3/2 

132 

70 

1 9 


3/9 

120 

65 

1 8 


3/12 




Upper respiratorj' in/ec^wn with fever 

3/16 

99 

59 

17 


3/23 

103 

59 

1 7 


Case 2. No. 225588, F, age 62. Mild diabetes of long standing, with e.ttensive sclerosis, gangrene, 

cellulitis, and minimal chronic sepsis. 



Date 

Vitamin A 

Carotene 

A/C ratio 

Remarks 

3/20 

123 

41 

3 0 

Febrile pyelonephritis dev. 

3/27 

56 

53 

1 1 


4/3 

102 

48 

2 1 

Afebrile lor 3 days 


Case 3. No. 207S74, M, age 17. Moderately severe diabetes of Jong standing, admitted for dicfary 
adjustment. 


Date 

Vitamin A 

Carotene 

A/C ratio 

Remarks 

1/26 

100 

82 

1 2 


1/30 

•• 



Developed acute tonsillitis; convales- 
cence very slow 

2/6 

85 

103 

0 8 


2/13 

78 

89 

0 9 



Case 4, No, 63364, M, age 6S, long-standing diabetes; admitted in bad condition for treatment 


' gangrene with osteomj-elitis. 
Date Vitamin A 

Carotene 

A/C ratio 

5/16 

47 

10 

4 7 

5/19 

•• 



S/23 

28 

50 

0 6 

5/30 

48 

91 

0 5 

Case 5. No. 224948, F, age 17. Severe diabetes for 

Date 

Vitamin A 

Carotene 

.4/C ratio 

2/1 

79 

204 

0 4 

2/T 

SI 

216 

0 4 

2/12 




2/14 

41 

1.59 

0 3 

2/23 

104 

106 

1 0 

3/5 

101 

79 

1 3 

3/16 

90 

115 

0 8 

4/15 

54 

81 

0 7 

Case 6. No. 96501, F, age 15. Diabetic 5 years. 

Date 

Vitamin A 

Carotene 

A/C ratio 

3/3 

30 

127 

0 3 

3/10 

133 

211 

0 6 


Hetnarks 

To.vic, ccmalose 

Mid-thigh amputation, followed by 
septic temperature 


years, c.are inadequate. Healing excoriations- 
Remarks 

Developed acule lonsillitis 


Discharged: uncooperative 
Bcadmitted in coma 


Reraarks 

Acute cystitis; comatose 
After recoveiy from coma, but py- 
uria still present 


Casf. 7. No. 220263, F. age 13. Recent diabetes, poor state of nutrition. 

Date Vitamin A Carotene .\/C ratio Remarks 

4/23 56 178 0 3 Comatose 

5^3 112 240 0 6 After vigorous diabetic tliorapy 


C.xsE S.— No. 22069G, F, ago 63. Moderately severe 


Date 

Vitamin A 

Carotene 

A/C ratio 

12/5 

HS 

13S 

l.X 

12/11 

. . 

. . 

• • 

12/18 

m 

225 

0.4 


diabetes of long standing, with nrterlo-rlero > 
Remarks 

Transferred to low fat diet 
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Case 9. No. 225252, F, age 08. Mild diabetes, recent, with arteriosclerosis, hypertension; admitted 


for cataract surgery. 


Date 

Vitamin A 

Carotene 

A/C ratio 

2/18 

124 

84 

1.5 

2/28 

97 

113 

0.9 

3/7 

09 

91 

0.8 


Summary and Conclusions. Among 116 
unsclected diabetias whose plasma vita- 
min A and carotene were determined by 
an assay method of proved dependability, 
all possible types of deviation from the 
normal range in vitamin A: carotene rela- 
tionship were observed. Values for one 
or both substances outside the normal 
range for the appropriate sex were found 
at hospital admission in the blood of 49 % 
of the 59 males and 47 % of the 57 female 
patients. The predominant type of devia- 
tion in the series as a whole was low vita- 
min Allow carotene. This was particu- 
larly noticeable among older patients and 
patients with infection. Least prominent 
of any trend was that toward high caro- 
tene with deficient vitamin A that has been 
widely a.ssumed to be characteristic in dia- 
betes, and has been rationalized as rcsult- 


Remarks 

Transferred to low fat diet 

ing from a defect in the diabetic organ- 
ism’s ability to derive vitamin A from its 
pro-vitamin, carotene. Relatively uncom- 
mon in our series, also, was so-called dia- 
betic carotenemia, considered without 
regard to accompanying vitamin A. 

When we scrutinize individual cases in 
the light of our present knowledge of 
factors that can alter vitamin A supplies, 
availability, reserves, use, and the re- 
sultant blood levels, it is evident that 
there is no type of aberrant blood picture 
found amorg our diabetics that cannot be 
justified by considerations not necessarily 
peculiar to tlie diabetic, especially if gen- 
eral nutritional failure (less frequent than 
it used to be among diabetics) is added 
as a possible cause for inefficient use of 
ingested carotene. 
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DASIAGE AKD SPLENOMEGALY 


EECUEEENT FATAL HEMOLYTIC ANEMIA ASSOCIATED WITH GEOSS 
LIVEE DAMAGE AND SPLENOSIEGALY 

By E. S. Stacey, M.D. 

PROFESSOR OF THERAPEUTICS AND PHAHMACOEOCY 
BAGHDAD 

(From the Royal Faculty of Medicine) 


Though much has been done in recent 
years to explain the circumstances under 
which intravascular hemolysis occurs,' this 
remains a confused comer of medicine. 
The following rare case is reported as it 
may be of assistance in filling in the pic- 
ture of this group of diseases. 

Case Eeport. The patient, a 30-year old 
Arab policeman stationed in Baghdad, was 
admitted to the Roj’a! Hospital on July 20, 
1944, complaining of wealmess and pallor 
for 1 month. Tliere was no historj' sugges- 
tive of malaria, bilharziasis, d 3 'senter 3 ’' or 
venereal disease, nor had he previous^’' been 
jaundiced. He was married, his wife and 
3 children all being in good health; his m'fe 
had had no abortions. There was no liistorj" 
of jaundice in the family. During the last 
month he had noticed that he was becoming 
paler, losing strength, suffering from breath- 
lessness on slight e.vertion and from head- 
aches and attacks of giddiness. He was not 
aware of hairing had anj' hemorrhage and 
there had been no change in tlie color of his 
stools or urine. There was no pruritus. 

On examination he was found to be a well- 
built man, very pale, with puffiness of the 
face and slight edema of the feet. The 
sclera were icteric though this was not 
marked enough to have been previousl.v 
noted b\' the patient. The liver edge was 
palpable | inch below the costal margin, 
being smooth and not tender. A hard smooth 
spleen could be felt extending 2 inches below 
the left costal margin. Temperature, 37 ° C. ; 
pulse rate, 90; blood pressure, IIS/CO. After 
a week in hospital he discharged himself but 
was re-admitted 6 weeks later when he 
stated that shortly after lea\-ing hospital he 
started to have bouts of fever which came at 
irregular intervals and were not associated 
with rigors or severe sweating. His strength 
bad decreased progressively and his e.ve.*: 
had become more j-ellow. 

On rc-admhsion, apart from an increase 
in pallor and jaundice, the findings on phj-si- 


cal e.vamination were the same as at the 
time of his prerdous admission. Tempera- 
ture, 37.5° C.; pulse rate, 100. The urine 
contained bile pigments but no albumin, 
sugar or abnormal microscopic constituents. 
The stool was normal in color and on micro- 
scopic e.\’amination showed nothing abnor- 
mal. The serum gave a delaj'ed direct r'an 
den Bergh reaction; the Wassermam reac- 
tion was negative. No malarial parasites 
were found in the blood films on repeated 
examination and a blood culture was sterile. 
The blood group was A. The fasting gastric 
juice contained no free HCl; after histamine, 
10 ml. N/10 HCi per 100 ml. The sternal 
bone marrow showed an intense normoblas- 
tic reaction. The blood findings are given 
in detail in Table 1, and in Figures 1 and 2. 
The}' are those of a gross normochromic, 
normoc 3 'tjc anemia. The red cells showed 
anisoeyfosis and polychromatophilia but no 
spheroc 3 dosis or macrocytosis. The white 
cell count and differential count were nor- 
mal. A red cell fragilit}' test gave partis! 
hemol 3 'sis in 0.45% and complete hemolysis 
in 0.36% sodium chloride solution. 

Course of Illness (Fig, 1). Perhepar (5 ml.) 
was given intramuscularly twice weekli’ and 
a ferrous sulfate mixture. On Sept. 21, lO-lk 
he was (ransfused with 500 ml. citrafw 
Group A blood whicb bad been cross-tj’pcd 
at room temperature and found to be com- 
patible, A mild reaction consisting of shn- 
cring, rise in temperature and abdonun.n 
pain occurred towards the end of the tran.'- 
fusion. On September 28 a .second transm- 
sion of 500 ml. citrated blood wa.s gi'C” 
from a different Group A donor who ha< 
been found to be suitable b}' cro5.‘=-typi'’'^^ 
After 100 ml. had been transfused there vas 
a rigor, the temperature rose to 
there wa.s severe abdominal pain, vomuin,- 
and purgation. The t^'jiing and cro.-.'-t}B 
ing were checked and found to ho vorrW‘^ 

In the course of the next 48 hours •- 
temperature settled to its original value 
on the 5th day after the tran.'fusion it ro- 
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suddenly to 39.6° C. and remained high 
for 3 days, during which time the jaundice 
became much more intense, the urine became 
dark wth bile, and the serum gave a strong 
immediate direct van den Bergh reaction. 
Reference to Figure 1 shows that the blood 
findings are such as would be produced by 
a brisk hemolysis. 

On September 10 blood was obtained from 
the patient and both donors and the follow- 
ing experiment carried out; 5 tubes were 
set up, 3 contained the patient’s serum, 
which had not been prewously chilled, with, 
respectively, the patient’s red cells and the 
red cells of the 2 donors; and 2 contained 
the sera and red cells of the 2 donors. After 
incubation overnight, all the tubes contain- 
ing the patient’s serum showed complete 
hemolysis, while the tubes containing the 
donors’ sera showed none. 

■ Table. 1 — Blood 

Red blood cells . 
HemoRlobin 
Red cell volume 
M.C.V. . . . 

M.C.H.C. 

M.C.H. . . . . 

Reticulocytes 

White cells 

Neutrophils 

Basophils 

Eosinophils 

Myelocytes 

L>*mphocytes 

Monocytes . 

Normoblasts 
Total serum protein 
Serum albumin 
Serum Rlobulin 

Splenectomy was advised but refused, and 
treatment was continued with liver extract 
and iron. At first there was rapid improve- 
ment in both the anemia and the jaundice 
until, by the middle of October, a condition 
similar to that before the transfusion was 
reached. On November 1 the patient’s 
.'■erum was again incubated with his oum red 
cells and those of the s.amo 2 donors; no 
homoly.^is occurred in any of the tubes. Soon 
after this the reti coll count and the hemo- 
clobin .‘started to fall, at first slowly and then 
more rapidly, being accompanied by an in- 
crca.>-e in the jaundice. Finally the patient 
diet! on Noveml'or 21. when the cells 
Bcre below ^ million jx;r cjum. 

i’o'trior.Vr’! J.'Tcru'r.nls'on. The cadaver 
ua.c markcxlly jaundiced. There were small 


pleural adhesions on both sides and some 
congestion of the base of the right lung. 
The heart was large and flabby and there 
were milk spots on its anterior surface. 
The abdominal cavity contained no free fluid. 
The liver weighed 2700 gm., was soft, con- 
gested, bile-stained and showed fatty change. 
No obstruction was to be found in the 
biliary tract. The spleen weighed 1400 gm., 
was firm in consistencj’’, dark in color, with 
slight perisplenitis. The kidneys showed 
cloudy swelling. The bladder, ureters, pros- 
tate, pancreas, adrenals and digestive tract 
showed no abnormalities. 

Histologic Examination (see Fig. 3). Liver. 
There is generalized cloudj’’ swelling and 
gross fatt}”- degeneration, the majority of the 
cells containing large fat globules. The 
degeneration is greatest in the center of the 
lobules. The sinusoids are dilated. The 

Picture on 22 x 44 

1,700,000 per c.mm. 

5.24 gm. per 100 ml. 

. 14.5% 

So cu.u. 

. 3C% 

. 31 JT 

. . 15% 

10,500 per c.mm. 

. 597o 

. 1 % 

1 % 

. . 1 % 

31% 

. • 7% 

4 per 100 WBC 
C.5 gm. per 100 ml. 

3.G gm. per 100 ml. 

2.9 gm. per 100 ml. 

parenchyma is bile-stained and a few bile 
thrombi are to be found in the smaller ducts. 
The KupfTer cells are hypertrophied and they 
and the liver cells contain much iron pigment. 

Spleen. There is marked thickening of the 
trabeculre and generalized fibrosis replacing 
the reticulo-endothelial cells. In some areas 
the sinuses are packed with ghost-like eiyth- 
rocytes and in others the}' are comparatively 
empty. The hunphoid tissue generally is 
greatly reduced in amount, the Malpigliian 
corpuscles being practically unrccogiuzable. 
Hemosiderin is scattered irregularly through- 
out the tissue. There is hyaline degenera- 
tion of the vessel walls. 

Kidney. There is generalized cloudv 
swelling of the tubular epithelium. The 
tubules are dihated, some containing bile- 
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Fio. 1. — Temperature, red cell count, hemoglobin %, icteric index and treatment, X, 5 ml. perlicpar 

injected. * 600 ml. blood transfusion. 



Fio 2 .— Red cell distribution curve. Mean diameter. 7 Aa: stand.ard demtion, O.G p: rw’iro-.er.! 
variation, 1222^; mean thickness, 2,1 p; diameter-thicknevs ratio, .I A 
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stained casts. There is no obvious conges- 
tion. The glomeruli are shrunken and cellu- 
lar and the capsular space is dilated but no 
red blood corpuscles are present in it. In a 
few glomeruli the capsular space contains 
amorphous albuminous matter. There is no 
indication of any glomerular or interstitial 
nephritis and no proliferation of the cells of 
Bowman’s capsule. There is a heavy deposit 
of hemo.siderin in the tubular cells and no 
proliferation of interstitial tissue. 

Bone M arrow. This shows marked normo- 
blastic hj’^perplasia and congestion. The 
sinuses are packed with ghost-like eiythro- 
cytes. There is no obvious proliferation of 
leukoblastic elements. 


tive, nor to wliicli subgroups they be- 
longed. There was, however, a gross degree 
of anemia before any transfusion had been 
given and the fatal hemolysis was not 
preceded by a transfusion. Rapid hemol- 
ysis started 12 days after the first transfu- 
sion and 5 days after the second. If the 
hemolj’^sin found during this crisis had been 
due only to an incompatible transfusion 
it would probably have persisted^; instead 
it had disappeared 3 weeks later. Ac- 
quired intra-group incompatibility does 
not therefore alone explain this anemia 
nor the presence of the hemolysin. 



Fia. 3.— .'1, Spleen. Sinuses packed with nhost-like red rclL«. X 150. 
13 , Liver. Simi.'^es empty. X 150. 


Comment. The case is one of hemolytic 
anemia accomiianicd by gross fatty de- 
generation of the liver and marked histo- 
logic changes in the spleen. No evidence 
of bacterial or protozoal infection could 
be found and enquiry failed to reveal con- 
tact with tiny hemolytic chemical sub- 
stance. The hemolytic procc.<s showed 
periods of exsicerbation and remission. 
During a period of exacerbation hemoly- 
sins were demonstrable in the serum; dur- 
ing a period of retni-^^sion they were not. 

One hemolytic crisis followed a trans- 
fusion and the possibility of intra-group 
incompatibility needs to be considered. 
It w.as not jxissihlc to determine whether 
the bloods useil were Bh positive or nega- 


That the jaundice was partly toxic in 
origin was shown, during life, by the pres- 
ence of bile in large amounts in th.e urine 
and by the direct van den Bergh reaction. 
The histologic appearance of the liver 
explains its failure to excrete bile pigments. 

Farrar, Burnett tind .Steigmaid rcjiort 
a case similar in many re,'j;ects. The his- 
tory and course of the disca'-e were similar 
and the blood picture only differed in that 
it showed some degree of maeroeyto.-'is. 
Tlic descriptions of the liver and spleen 
corrc-spond and a hemolysin w.-is demon- 
strated in the serum. In this case the 
condition was aggravated by tran'^fusion. 
the hemolysis and jaundice being so mark- 
ed 0 days after the first transfusion that 
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these were discontinued. This, together 
with the experience in the case described, 
suggests that transfusion may play some 
part in precipitating a hemolytic crisis. 
Splenectomy was followed by rapid and 
complete recovery. 

The relationship between the hemolysis 
and the liver damage needs further con- 
sideration. Was the liver damaged as a 
result of having to deal with the large 
quantities of the products of red cell 
destruction or was it damaged by the 
hemolysin or some other toxic substance 
in the circulation? Fatty degeneration of 
the liver may occur in hemolytic anemias^-® 
but it is rarely extensive and there may 
be severe hemolysis, as in the hemoglobin- 
urias and in Lederer’s anemia, nith little 
or no liver change. Two other pertinent 
cases have been found in the literature in 
which hemol 3 ^sis was accompanied b^"- a 
severe to.xic hepatitis. In Lovibond’s case® 
this was ascribed to a coincidental strepto- 
coccal septicemia, while in Ayer and Kam- 
mer's case^ of hemolj'tic anemia, caused 
by the transfusion of Rh positive blood 


into an Rh negative recipient, the condi- 
tion was thought to be due to an intercur- 
rent catarrhal jaundice. In the present 
case and that described bj- Farrar, Bur- 
nett and Steigman, the most likely’ axpia- 
nation seems to be that the spleen was 
responsible for the formation of a hemoly- 
tic and hepatoto.xic substance or sub- 
stances. Splenectomj' offers the best 
chance of survival; and as in both cases 
transfusion was followed b.v a severe hem- 
oly'sis, this ma^' be dangerous and the 
possibilitj' of hemolj'sis occurring several 
days after the transfusion should be home 
in mind. 

Summary. 1. A fatal case of recurring 
attacks of hemolytic anemia is described. 

2. During a hemolytic crisis hemol.vsins 
were demonstrable in the serum. 

3. The hemolj’tic process was accom- 
panied bj’ a hepatitis. 

4. At postmortem gross fatty degenera- 
tion of the liver and splenomegaly' with 
marked histologic changes in the spleen 
was found. 


I am indebted to Dr. Shawkat Zahawi of the Ros-al Faculty of Medicine, Baghdad, for the post- 
mortem report on the histologic preparations; and to the Department of Parasitologj' of the London 
School of Hygiene and Tropical Medicine for the photographs. 
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(From tlie Hnrtzell Research Department of Therapeutics; the Harrison Department of Surgical 
Research, School of Medicine, Unh'ersity of Pennsylvania; and the Surgical Clinic 
of the Hospital of the University of Pennsylvania) 


In previous communications'- several 
studies of convalescence after surgical 
operations were reported. After operation 
the resting circulation was often somewhat 
abnormal, and the circulation in the up- 
right position was usually grossly abnor- 
mal for a short time. In eddition, tran- 
sient abnormalities in the response to mild 
exercise could be demonstrated after op- 
eration. Finally, while studies of nitrogen 
balance confirmed the finding tliat the 
body lost nitrogen in tlie convalescent 
period when the patient was on the usual 
postoperative routine, this loss of nitrogen 
could usually be prevented if the nitrogen 
and caloric intakes were kept high enough.® 
The present study was made possible 
by the development of a new and portable 
type of ballistocardiograph by Rawson, 
Hervey and Lilly.' Two of tlicse instru- 
ments, 1 for the horizontal and 1 for the 
vertical position, were installed in a room 
adjacent to the surgical ward. This im- 
provement in our equipment permitted us 
to test patients when their clinical condi- 
tion was poor, a tj^pc of study previously 
avoided because of the long trip necessary 
before the surgical patients reached the 
old stationary ballistocardiograph located 
at the nuxlical end of tlic hospital. There- 
fore, the results rejKirtcd in this study were 


obtained on a group of patients, most of 
whom were convalescing from operations 
far more serious than in the previous stud- 
ies.'--'® Abnormalities of the heart and 
circulation were found to be very much 
more common during convalescence from 
the more severe operations. 

Our studies of the circulation of these 
patients, together with knowledge of their 
nitrogen balance from the study which 
was running concurrently, made it pos- 
sible to answer the question whether the 
maintenance of a positive balance was 
accompanied by objective improvement 
in postoperative condition. We found 
tliat this was so. 

Also, estimates of the blood volume of 
many of our patients, performed by Dr. C. 
E. Koop,® made it possible to study the 
relation of the blood A'olume to the form 
and size of the ballistocardiogram and 
to the cardiac output as calculated from it. 
We found a significant relation between 
blood volume and cardiac output and also 
between blood volume and tlic degree of 
abnormality of form of the ballistocardio- 
grams. 

New Apparatus and Its Use. Siimificant 
features of the new horizontal and vertical 
h.allistocardiographs designed and constnict- 


* The work dc-'rriKvl in thii pajK-r wns done under a conlrart, remmrncnd(yi by the Committee 
on Metiical Rese.-\rc)i. tetveen the OfTice of ?ricntific Rej-enreh and Development and the Univer^itv 
o{ renn>-ylvania, ' • 
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ed by Rawson, Herve}' and Lilly are shown 
in Figures 1 and 2. Lillj>-’s capacitance man- 
ometer" was used to amplify the movements. 
The calibration was entirelj’^ linear. The 
advantages of these instruments over our 
old apparatus were: (1) they were portable, 
and (2) records could be taken without dark- 
ening the room. 


taken and the resulting deflections of the 
base line recorded the calibration on each 
ballistocardiogram. 

TiTen the record was studied, the deflec- 
tion of the base line caused bj’ the weight 
was determined and the measurement of the 
altitude of the “I” and “J” waves was ad- 
justed accordingly. The “area”!’ method 



Fig. 1. — A new ballistocardiograph with electrical amplification. This instrument was dcsiRncd 
and constructed by A. J. Rawson, J. P. Hervey, and J. C. Lilly in the Johnson Research Foundation 
of the University of Pennsjdvania. The electrical circuit has been described’. The new ballistocardio- 
graph consists of a table weighing 35 pounds constructed of duraluminum. This table is suspended 
from a tubular steel frame bj’ a fle.xible ribbon of phosphorus bronze at each corner. The cfTeetive 
length of the suspension is 2.5 cm. at the head, 7.5 cm. at the foot of the table. The frame is provided 
with large swivel castors so that it can be readily mo\-ed. The castors can be raised so that the ba'e 
rests on rigid steel legs while the ballistocardiograph is in operation. One leg is adjustable to rompen- 
sate for irregularities of the floor. The moving table is rigidly connected with the condenser micrometer 
pick-up unit. Relative motion of the condenser plates changes the timing of a high frequency oscilhtor 
circuit whose output drives a General Electric Co. oscillograph. A Cambridge Instrument Company 
Electrocardiograph camera is used to record the ballistocardiograms. The over-all sensitivity is 
adjusted to give a deflection of 1 cm. for a force of 280 gm. The natural a-ibration frequency of the 
ballistocardiograph table, loaded with 150 pounds of rigid weight, is 11.8 per second. 

A a'ertical ballistocardiograph using the same method of recording avas constructed al«o. Escept 
for the new recording system its structure did not differ from the instrument described before'*. It-s 
natural a-ibration frequency is 15.5 per second when supporting ISO pounds of rigid «-cight. 

The ada-antage of these new instruments are: (1) they arc portable; (2) they can be u.scd aaithoiit 
darkening the room; (3) they are rugged and simple to operate. 


The procedure for taking records differed 
but iitfle from that used on the older 
machines. About 15 minutes was required 
to wann up the tubes of the amplifier, and 
this avas done avhile the subject was resting 
on the apparatus. 

’i^flien the instruments were made, the 
springs were adjusted until the deflection of 
tlie light spot for a given weight approxi- 
mated that used in the original ballistocardio- 
graph; but as the amplification was not 
always constant, a calibration had to be 
made for everx- record. We always added a 
known weight while the picture was being 


was used to calculate cardiac output, 
no longer believe that the factor for aortic 
size,“ included in the original formul.'i, )■= 
needed to calculate cardiac output. In this 
investigation we are concerned cliicfiy "-ith 
the changes in cardiac output in single indi- 
viduals so that this factor cancels out and 
does not enter into the great majority of 
the resuit.s reported here. 

Procedure. The 07 patients were a'| 
operated upon by members of the Surgics' 
Sendees of the ifospital of the University of 
Pcnnsx’lvania. The anesthesia varied vdh 
the typo of operation. I^ocal, spinal, cycle- 
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propane and ether were employed. Dihydro- 
ireta-erythroidin was employed occasionally 
in 50 to 300 mg. doses because of its curare- 
like action. 

The operations performed can be divided 
into several groups: (1) 11 craniotomies, 
(2) IG operations on the gall bladder and 
biliary tract, (3) 13 operations on the stom- 
ach for ulcer or carcinoma, (4) 14 operations 
on the large bowel, chiefly resections and 


followed by a ballistocardiogram. Those 
who could stand then arose and stood on 
the vertical instrument for 2 minutes, after 
which blood pressure and a ballistocardio- 
gram were again taken. 

To obtain a record as soon as possible 
after operation the patient was stopped on 
the way from the operating room, and a 
ballistocardiogram was taken in the hori- 
zontal position. Some patients were still 



Flo. 2.— Condenser micrometer pick-up unit. The pick-up unit is mounted on the tubular steel 
base. The measurinR .springs (21 and 2.3) and movinR condenser plate (4) arc linked to the bed by a 
connectinR rod fitted with stout IciiRths of J inch diameter phosphorus bronze rod at each end. These 
pive sufficient transverse flc.Kibilify so that only.lonpitudinal movements of the bod are transmitted to 
the condenser. Horizontal motion of the bed is restrained by the rccasurinp sprinps (21 and 23). Those 
are of such stiffness that a force of 2S0 pm. produces a movement of approximately G microns. The 
pap between the inoxunp condenser plate (4) and the reference plate (5) is adjusted by chanpes in the 
coarse and fine adjustinp knobs which work throuph the lever (12) and the stud (11) and deflect the 
sprinps (S and 14). 

Since both condenser plates arc mounted on disk sprinps, they always move parallel to each other. 
Tlic reference plate (5) is sprinp mounted within the shield (10 and 18) so that e.xcessivo movement of 
cither plate will not strain the insulator (Ifl) and destroy the ndjvistrcent of the plates. 

Tlie numbers refer to the followinp: (1) alipnment screws. (2) measurinp sprinp case, (3) and (22) 
measuriuR sprinp spacers, (4) movinp condenser plate, (5) reference condenser plate, (G) conden‘-cr 
lead. (7) reference i>late and sprinp c.ase, (S)and(14) reference plate sprinps. (9) and (15) reference sprinp 
spacers; (10) reference sprinp clamp nut. (11) reference .‘•prinp stud, (12) adjustment lever. (13) adjust- 
inp screw bracket, (IG) and (IS) reference condenser plate mount. (17) reference condenser mount 
sprinp, (10) reference condenser plate insulator. (20) insul.ator shell, (21) and (23) measurinp sprinps. 


.nn.tstoinosos, (5) 0 hcrriiorrliaphip.s tuul (0) a. 
misrcllaucous group of G, containing I c.nch 
of tlio following: (liyroidectomy for non- 
toxic gciitcr, explomtory thoracotomy for 
carcinoma, siflcncctomy, removal of renal 
calculus, excision of p.ancrcatic cyst, and re- 
moval of functioning islet tumor of tl.c 

pancn'as, 

.Ml paticnt.svcrc tc<ttxl at Ica.st once before 
operation. After they had lain on tl:c hori- 
ront.al ballistocanliograjih for 1.5 minu(c.s, 
their Wch-hI pressure was taken an.d this w.a? 


unconsciou.s at this time, and none of them 
were asked to .stand. 

Whenever the patients’ condition per- 
mitted it, they were tested 1, 2. 5 and 
10 days after operation, and just before dis- 
charge from the hospital. ^Most of the 
patients were unable to stand in the early 
jmstoperativc period. In .all. 303 ballisto- 
cardiograms were taken on 03 patient^:. 

In the immediate {X)sl opera live ]>eriod the 
nitrogen balance was studied in 3'1 of our 
patients by a team under the direction of 
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Dr. C, E. Koop and Dr. Cecilia Riegel. 
These tests ran for the first 5 days following 
Operation, and the results will be described 
in detail elsewhere.® The figures recorded are 
for this 5 daj’’ period unless otherudse noted. 
The blood volume was estimated bj^ the 
method of Gregerson,"* as modified by Gibson 
and Evans,® and by Evans et al.,^ using 


is used onb'- in the statistical sense of indi- 
cating that the probabilitj' is less than 5 in 
100, that the results obtained are due to 
chance. 

Results. On Abnormal Ballistic Forms 
Occurring After Operation. In our study 
of convalescence after herniorraphy*® the 



Fig. 3.— -Ballistocardiograms before and after operation. Top 3 records of G. M.. aged -IS: licforc. 
6 days, and 15 days after an extensive bowel resection for carcinom.a of the splenic flexure. Last 3 recovls 
of V. S., aged 30; before, 4 days, and 9 days after cholecystectomy. 


the blue dye T-1S24. This was done in 34 of 
our cases before and 5 or 6 days after oper- 
ation. These determinations were made In* 
Dr. C. E. Koop, who will report the results 
in more detail elsewhere.® 

A statistical analysis was performed on 
the data and significance was judged by the 
criteria of Fisher.® .4s is tisual with papers 
from this laboratory-, the word significant 


form of the ballistocardiograms remained 
normal, and this permitted us to calculate 
the change in cardiac output due to the 
operation in every case. In tlie present 
study tlie situation was very dilTcrcnt, 
for not only were the operations of a much 
more serious kind, but also the patient 
had often suffered from a prolonged illn<“- 



COm’’ALESCENCE FROM SURGICAL PROCEDURES 


595 


before operation. In addition, this study 
contained far more persons in the older 
age group than was the case in the previ- 
ous study. Probably as a result of these 
factors, abnormalities in the form of the 
ballistocardiogram were encountered fre- 
quently before and after operation. Fig- 
ure 3 gives 2 examples of the latter. 
Present knowledge does not permit the 
calculation of cardiac output from abnor- 
mal curves. 

The first step in the analysis of these 
records was to search for abnormal forms 


the abnormal records of this group the 
"I" wave was always less than one- 
quarter the area of the " J” wave. 

In Grade 2 were placed records with 
complexes characterized by an abnormally 
small or disturbed “ 1 ” wave similar to 
that of Group 1, together with abnormali- 
ties of "J” also, the latter peak being 
flattened, notched or otherwise distorted. 
Figure 4 shows several examples. 

In Grade 3, judged tlie most severe, 
were placed records described before" as of 
the late downstroke type and character- 



^ y j 

GRADE E ^ 





GRADE m 



Fia. 4.— Normal and abnormal forms of the ballistocardiogram. All the forms drama here tccre 

encountered in this study. 


and identify tlieir type by help of etdipers. 
In most records all of the abnormal com- 
plexes found were of the same type; in 
all records a single t.vpe predominated. 
Empirically, we set up the series of abnor- 
mal forms illustrated in Figure 4. In 
Grade 1 , which wc judged to be the Ic.ist 
severe, were placed records showing an 
abnormal " I ” wave. Tliis wave was cither 
ilistortcd in form or abnormally small in 
relation to the size of the “J” wave. 
Xormally the area of “I” averages about 
onc-half that of “ J,” and their time dura- 
tion on the b.asc line b almost equal. In 


ized by a shallow rounded “I”, a broad 
low " J” witli its peak well back in systole, 
and with a sharp JK dovmstroke the most 
conspicuous line on the record. An ex- 
ample is dranm in Figure 4. We encoun- 
tered only a few records of this type. 

The second step in tlie analysis of these 
records was to note the frequency of the 
abnormal complexes. In many records 
the form varictl with respiration, tlie 
smaller complexes being abnonnal, while 
tlie larger remained normal. In such 
records we assumed that tiie degree of 
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abnormality was proportional to the per- 
centage of abnormal complexes. 

A third criterion in judging the degree 
of abnormality was the amplitude of the 
record in terms of the calibration. In the 
normal records this is reflected in the 
estimation of cardiac output, but in these 
abnormal records this estimation was not 
attempted. Nevertheless, knowing by 
experience the amplitude to be expected 
in normal subjects we did not hesitate to 
judge unusually small complexes as ab- 
normal; and when, in a series of records 
on one subject, the amplitude diminished 
without an increase of rate, we judged 
that cardiac function was becoming more 
abnormal. 

Therefore, by means of these 3 criteria — 
frequency, tj^je, and amplitude— we at- 
tempted to judge the degree of the abnor- 
mality of our patients, especially to 
ascertain whether they were improving or 
becoming worse. This was not difficult 
because the 3 criteria usually varied in 
the same direction. 'iMien the records 
of any patient were compared, it was 
usually an easy matter to decide whether 
he was improving or losing ground. We 
have recorded our decisions by dividing 
the patients nith abnormal ballistocardio- 
grams into 3 classes according to the 
degree of abnormality, and these classes 
appear in the tables as Roman numerals. 
Wien tlie patient’s ballistocardiogram 
changed for the worse, we assigned it to a 
higher class. This method, we believe, 
recorded changes in 1 patient's circulation 
with reasonable accuracy. To judge the 
relative degree of abnormality in 2 pa- 
tients whose records are different is a 
more difficult and uncertain matter unless 
the difference is very striking. The situa- 
tion is complicated by the multiple criteria 
of abnormality, and the form of abnormal 
ballistocardiograms varies so greatly that 
they cannot be divided into 3 uniform 
classes. Hence, under each of tbe 3 classes 
recorded in the tables, more than one type 
of abnormal record has been included. 

iVs these factors made it difficult to 
classify the records with exactitude, great 


care was taken that unconscious bias did 
not enter in. The records were presented 
to the senior author for reading in such a 
way that he knew nothing of the nature 
of the case under consideration. In this 
way they were classified without prejudice 
or- preconceived ideas. 

In compiling Tables 1 and 2 tlie degree 
of abnormality was not considered, and 
the records were classified as normal or 
abnormal. Table 1 shows tlie frequency 
of the abnormal records before and after 
the different types of operations. It will 
be seen at once that, while the records of 
many patients are abnormal before opera- 
tion, this number doubles in the immediate 
postoperative period, to decline to less 
than the original number at discharge. 
Obviously in these seriously ill patients 
the effect of the operation is to produce 
a temporary abnormality which manifests 
itself by the abnormal ballistocardiogram. 
It should also be noticed that operations 
on the colon and biliary passages seem 
especially prone to produce transient bal- 
listic abnormalities after operation while 
the cranial operations produced only 1, » 
difference which is significant. 

In Table 2 the same data witli additional 
cases from the miscellaneous group are 
classified according to age. Here it will 
be seen that the ballistic abnormalities 
present before operation were found chiefij 
in patients over 40 years of age and that 
it is largely in this group tliat they per- 
sisted until discharge. In tlie immediate 
postoperative period abnormalities may he 
found in all age groups. However, when 
only those cases that were normal before 
■operation were considered, we were unaWc 
to demonstrate that age had an infiuenaj 
on the tendency to become abnorma 
after it. * 

EffreU of ihc Mclabolic Condition on i-' 
Circulation. One of our chief 
was to compare tlie condition of t ^ 
patients who remained in nitrogen wjuili ^ 
rium after operation with that of t 
whose balance became negative. 
fore, we asked ourselves whether th'* la 
listic form became abnormal more re 
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quently in the group in negative nitrogen 
balance. In Table 3 the data have been 
arranged according to the nitrogen bal- 
ance, and it will be seen at a glance that 
ballistic abnormalities occurred far more 
frequently after operation in the group 
whose balance was negative. This differ- 
ence is statistically significant. 


sion that nitrogen imbalance played a part 
could be safely dravm. We, therefore, 
resorted to the method of paired experi- 
ments. 

In pairing the data, first consideration 
was given to the type of operation. Cases 
falling into the miscellaneous group were 
not used, so both members of every pair 


TAni.i; l.—FtiKQUnNCY of ABXonMAi. Foums of tub Bai.ustocardiogram in Diffeubnt 

Typf.s of Operation 


Time relation to operation 



Before 

1 to 10 (lays after 

At discharge 

' of opcrtition 

Normal 

Almorniiil 

Normal 

Al)normnl 

Normal 

Abnormal 

Colonic . 

. . G 

7 

1 

12 

7 

G 

Gastric . 

. . 8 

4 

7 

G 

7 

4 

Cranial . 

. . 9 

2 

8 

3 

10 

1 

Biliary 

. . 13 

4 

4 

12 

13 

3 

llornial . 

. . i 

2 

1 

5 

4 

1 


— 

— w. 

— 

— 


— — 

Total . . . 

. . 40 

19 

21 

38 

41 

15 


Tari.e 2.-- Frequency or Aunormae Forms or the Bai.i.istocardiogram in Different 

Age Groups 


Before 


Ape 

Normal 

Abnormal 

Over 70 

... 0 

1 

GO-GO . 

... 3 

5 

50-59 , 

2 

9 

40-19 . 

Id 

5 

30-39 . 

... 12 

1 

20 -29 . 

... 8 

0 

10-10 . 

... 3 

0 


However, a careful study of the problem 
lUiide us hc.sitatc to accept these results 
as proof of our point , Some of the cases, 
mostly those in the craniotomy group, 
had been handled differently from the 
others. They had been placed on a high 
nitrogen diet before operation to permit 
them to accumulate stores of nitrogen; 
after operation they drew on these stores 
but did not exhaust them in most instances 
and so remained in positive cumulative 
balance. I'he different types of operation 
also were not evenly distributed in the 
series. In addition, the group in positive 
nitrogen balance averaged a little younger 
than (hose in negtUive !>alana‘. Since the 
data in Tallies 1 and 2 suggest tliat age 
and the type of operation are factors in 
the ballistic abnormalities, further anal.vsis 
vif the ilata was neetied before the ciinchi- 


Timc relation to operation 


t to 10 days after 

At discharge 

Nornml 

.Abnormal 

Normal 

Abnormal 

0 

1 

0 

1 

1 

7 

3 

4 

2 

9 

2 

9 

S 

13 

18 

2 

8 

5 

11 

1 

5 

3 

7 

0 

1 

2 

2 

i 


had had operations falling within one of the 
groups mentioned before. The second 
criterion was age, the pairs being arranged 
so tliat their ages were as close as possible. 
A third criterion— sex— was used in some 
cases, but it was considered less important 
than age and never sacrificed to it. By 
tliis means 17 pairs were obtained, tlieir 
nitrogen balance being —135 and 4-114, 
•425 and 4-GG, 4 IS and 452, -481 and 
4-lOG, —50 and —43, —24 and -411, 
— 4S ami — 10, —40 and — 1, — 4G and — 1, 
-38 and -31, -30 and -f21, -9 and 0, 
-21 and -425, -13 and -440, -12 and 
-1, -12 and -3, -13 and 4GG. 

For each individual tlie effect of the 
operation on his ballistocardiogram was 
ascertaineil. and the result was scoretl as 
follows: If n patieiu's record was norma! 
before operation and liccamc abnormal 
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Grade 1 after it, the score was recorded 
^ If the form changed from normal 
to Grade 2, the score was —2. If a 
Grade 1 abnormalitj^ before operation was 
follow'ed by Grade 2 after it, the score 
w'as — 1, etc. 


in better metabolic condition developed 
less ballistic abnormality after operation 
than did his mate. In onlj'- 2 pairs was 
the reverse true. In 4 pairs there was no 
difference. This result is not quite sig- 
nihcant, but the chances are about 92 in 


Tabi.e 3. — Degree of Bilwstic ABSoKMALiTi Compared With the Comoeatiie 

Nitbogeb Baeibce 


Form of baiiistocardiognm 


balance. 

Tj i>e of 


Before 

After 

On 

era 

operaUon 

4ge 

operation 

operation 

(ha charge 

+ 114* 

Cranial 

35 

Normal 

Normal 

Normal 

+ 106* 

Colonic 

45 

Nonnal 

I 

Normal 

+ 81* 

Gastric 

48 

11 

III 

Norma! 

+ 66* 

Gastric 

33 

Norma! 

Normal 

Normal 

+ 66* 

Cranial 

47 

Normal 

Normal 

Nonnal 

+ 62* 

Cranial 

23 

Nonnal 

Normal 

Normal 

+ 40 

Colonic 

52 

I 

III 

1 

+ 25 

Colonic 

69 

Normal 

I 

Normal 

+ 25* 

Cranial 

43 

Normal 

Normal 

Normal 

+ 21 

Gastric 

55 

Normal 

Normal 

Normal 

+ 18* 

. . Cranial 

15 

Normal 

Norma! 

Norma! 

+ 11 

. Hernial 

44 

Normal 

Normal 

Normal 

+ 0 

Gastric 

65 

Normal 

Normal 

Normal 

- 1 

Gastric 

38 

I 

Normal 

Normal 

- 1 

Miscellaneous 

27 

Normal 

Normal 

No test 

- 1 

Cranial 

27 

Normal 

Normal 

Normal 

- 3 

. Colonic 

15 

Normal 

11 

Norma! 

- 9 

. Gastric 

75 

II 

III 

I 

- 12 

. Colonic 

55 

I 

111 

II 

~ 13 

. Colonic 

48 

Normal 

HI 

Normal 

- 13 

. Colonic 

50 

III 

Normal 

Nonnal 

- 13* 

. Gastric 

32 

Normal 

HI 

III 

- 16 

. Crania! 

47 

I 

II 

Normal 

- 21 

. Colonic 

66 

I 

III 

I 

- 24 

Hernial 

47 

I 

II 

Norma! 

- 32 

Gastric 

49 

Xormal 

Normal 

Normal 

- 36 

. Gastric 

62 

No test 

III 

HI 

- 3S 

. Gastno 

55 

Normal 

11 

I 

- 43 

. . Hernial 

28 

Normal 

1 

Nominl 

- 40 

Cranial 

21 

Normal 

Normal 

Normal 

- 46 

. Gastric 

44 

Nonnnl 

Normal 

Normal 

- 48 

Cranial 

45 

Normal 

Norma! 

Norrnn! 

- 50 

Hernial 

19 

Normal 

11 

1 

- 62 

Cranial 

42 

11 

in 

III 

-135* 

Cranial 

38 

Normal 

I 

Normnl 


1, II. Ill = Grade of abnomMliy. . 

• Patient TV as placed on a high nitrogen diet before operation, and the balance recorded n cninHjS' 
live for 5 dij s before and C daj s after operation. In all other patients the nitrogen balmce n ttnnii T' 
tn c for the first C lias's after operation onis'. 


The nitrogen balance of 1 of each pair 
was naturally more positive tlian tlie 
other, and this difference was usually large. 
Therefore, to find Uic effect of the meta- 
bolic difference on the ballistocardiogram 
we subtracted the score of the patient in 
tlie better nitrogen balance from tliat of 
his more abnormal mate. Tlie results 
were striking. In 10 pairs die individual 


iOO that a poor metalmlic condition >s 
associated with the development of Ivilib' 
tocardiographic nbnorniaiities after op' 
oration. 

Using the same pairs we a4.cd our^ebri 
whether the difference in inetaiiolic 
tion was reflected by any difftrenre in the 
effect of the operation on pui'-e rate c. 
blood pre«urc. The statistics w ere v. prl f ' 
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out, and we were unable to demonstrate 
that the metabolic difference was asso- 
ciated with any significant difference in 
the behavior of pulse rate and blood pres- 
sure after operation. 

We also sought to test the condition of 
those in better nitrogen balance by com- 
paring the duration of hospital stay after 
operation in the pairs of cases mentioned 
above. On tlie average the patient in tlie 
better metabolic condition remained in the 
hospital 2 days less than his mate, but the 
data scattered widely, and this result is 
not significant. In studying this data we 
became aware that completely extraneous 
factors, such as the number of hospital 
beds available, had an effect on the dura- 
tion of the patient’s stay. 

'ISvo of the patients paired died while 
in the hospital, and both were in worse 
metabolic condition than their mates. In 
1 case death followed a pulmonary embo- 
lus. In the other, tuberculosis of the 
cecum was present, and tlie course was 
progressively downhill. The number of 
deaths is too small to make the result 
significant. 

The surgeons in charge of these patients 
believed that those kept in positive nitro- 
gen balance did better than the others. A 
case supporting that viewpoint is given 
in detail below. 

B. W., aged 45, was operated upon twice 
for carcinoma of the colon. The results 
obtained in the horizontal position were all 
normal the day before the operation, the 
pulse rate being 09; the blood pressure, 124/ 
74; and the cardiac output ~9^r. On her 
return from the operating room after a 
Rankin obstructive resection of the trans- 
verse colon performed under sjiinal anes- 
thesia, despite the fact that she had received 
OOfl cc. of blood and saline while on the table, 
the blood pressure had fallen to SS/(i2; the 
jnibe rate to 51, and the cardiac output to 
-2t»‘';, .After ojieration tlie patient devel- 
ojkhI a slicht fever, maximum 101 .G® 
which la'^ted 18 days. At the next te^t Odays 
after operation, blood pres-ure, pulse, and 
cardiac output had returned to nonnal. but 
the form of the ballistocardiogram had be- 
come .abnonnal, the smaller ‘•J" wave.'- of 


the respiratorj' cycle being flattened or 
notched and broader than normal. The 
form of the record returned to normal before 
the second operation, but probably because 
of the fever the cardiac output was elevated 
to +34% at this time. 

In anticipation of the second operation 
she was given large feedings for 5 days to 
build up her nitrogen stores. The colostomj’' 
was closed 17 days after it had been estab- 
lished. She stood this second operation 
better than she had the first, in spite of 
the fact that the resection w'as easilj'- per- 
formed while the closure was long, tedious 
and traumatic. The pulse rate, blood pres- 
sure, and cardiac output were essentially 
unchanged after it, and the form of the bal- 
listocardiogram remained normal. How- 
ever, on the 6th day after the resection she 
was given 500 cc. of 6% gelatin intraven- 
ously as a preliminary to a tilt table test. 
She was placed on the ballistocardiograph 
3 hours after this test. At this time the 
abnormality of form noted after the first 
operation was found to have returned. This 
abnormality did not persist, and in 2 subse- 
quent tests before discharge all our findings 
xvere normal. 

It would appear that this patient with- 
stood the second of 2 comparable procedures 
better than the first. The second operation 
was performed after her nitrogen reserve had 
been built up while the first had not been 
preceded bj’ any nutritional preparation. 

Further Studies by Means of Paired 
Ohseriations. Needless to say, pairing the 
experiments in the manner desefibed 
before docs not dispose of all the variables. 
Indeed, since no 2 patients are ever 
e.xactly alike, the control of a clinical 
investigation is never ideal. AVc tried to 
answer other questions by making other 
pairs. 

AVe had data in 9 ca.^es tliat had been 
fed large amounts before operation. AA'e 
use<l only the postoperative nitrogen bal- 
ance in each case, neglecting the increased 
stores of nitrogen which had resulted from 
the extra fecfling. Searching among tlie 
east's not fetl e.xtra amounts before opera- 
tion we seli'cted 9, eacli of whose post- 
operative nitrogen balance agreed closely 
with 1 of the first 9. The closeness of the 
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BLOOD VOLUME DEVIATION FROM NORMAL IN % 


Flo. 5.— Relation of blood volume to cardiac output. Doth values arc expressed as percentage devia- 
tions from the expected average normal for each subject. Line AB is the calculated regression y on x, 
itsociuation y = O.lOTx 25.0R. Circles rei)resent values obtained before operation, dots those secured 
after it. Values obtained on the same patient are connected by lines. 
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plasma volume and also the hematocrit 
with certain aspects of the circulation 
mentioned above. The relation betu’een 
plasma volume and the frequency of ab- 
normal ballistic forms just missed sig- 
nificance. 

Discussion. The main purpose of the 
investigation was to discover whether pa- 
tients whose stores of nitrogen were main- 
tained by special methods of feeding 
before or after operation were in reality 
in better condition than those who went 
into more negative nitrogen balance. 
The surgeons in charge obtained the clini- 
cal impression that the patients given 
extra feedings were benefited. We sought 
to confirm this impression b 3 ’’ objective 
evidence, and we believe that we have 
done so. 

Postoperative abnormalities of form of 
the ballistocardiogram occurred far more 
frequently in those in negative than in 
those in positive nitrogen balance, and 
this difference is significant. However, 
such factors, as age and tjqie of operation, 
might have played a part in this result. 
\^Ten the data were arranged to eliminate 
these factors, we failed to demonstrate 
statistical significance, but the odds are 
still about 10 to 1 that the patients in 
better nitrogen balance were more normal. 
We doubt if manj-^ well-accepted clinical 
notions are better based. 

On tlie average the patients in better 
nitrogen balance staj’ed in the hospital a 
shorter time, and all survived to leave the 
hospital. Two of those in poorer meta- 
bolic condition died. Again neither of 
these differences is statisticall.v significant, 
but added to the results mentioned, the 
evidence grows stronger. All our data 
support tlie clinical impression tliat those 
maintained in better metabolic condition 
were in better phj'sical condition as well. 

In addition to this demonstration we 
have drawn a picture in Table 4 of the 
average condition of tlie circulation of 
patients after severe operation. Our 
principal finding, a rise of pulse rate after 
operation, is an old story to anyone accus- 
tomed to looking at the charts in a surgical 


ward. It maj' be of some value, however, 
to give the statistics of this well-known 
phenomenon. Otherwise there were few 
changes of importance. 

These results differ somewhat from those 
W'e obtained after operations for hernia as 
the cardiac output w'as found to be de- 
pressed after operation in tliat group. The 
most probable reason for the difference 
W'as mentioned in our previous paper. 
Intravenous fluids W’ere given in large 
amounts to the seriously' ill patients in 
this studj' wdiile thej' were rarely adminis- 
tered to the health^' persons subjected to 
herniorraphj'.’^ Intravenous fluids have 
been showm to support the circulation in 
the sick.® The modern surgical routine 
of giving fluids intravenously during and 
after severe operations is upheld b,v our 
results, and the amount given to our 
patients can now be judged as satisfactory. 

Finallj' we hai’e some interesting data 
on the relation of blood volume to the 
circulation, for tliere is positive correla- 
tion betw'een blood volume and cardiac 
output per minute. This was found when 
the w’hole group was studied, and it h 
consistent w’ith tlie view that the filling 
of the heart was impror'cd h^' the increased 
amount of blood, as found in the closed 
circuit heart-lung preparation. When 
changes occurring in single patients arc 
studied, tliis relationship is not alway.s 
apparent. 

Equallj' interesting is the relation be- 
tween blood volume and abnormal baliistic 
form, for the most abnormal types of 
ballistocardiograms occur most frcrjiientb 
in patients with unusiiall.v small blomi 
volumes. One wonders wliether jxKir 
cardiac filling was not a factor in the pro- 
duction of tin's abnormaiit.v. Tliat 
cardiac filling docs cause abnormalities b 
shown bv' the fact tiiat in many reeonb 
obtained in persons with obvious Iwart 
disease abnormalities of form occur on 
in that part of the respiratory cycle wle re 
cardiac filling Is poorest. In a fcv. in- 
stances abnormalities of form have le^'i 
produced in healthy pcrsoa= hy a 
x-eri® whicli suddenly rc-duce<l cardl-ic hi lin., • 
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Tlie elusive relation between disease of 
the gall bladder and heart disease has 
again appeared in this study. In the 
10 eases of gall bladder disease proved at 
operation, 6 had cardiac outputs which 
were subnormal before they were operated 
upon when judged by our old normal 
standards. Indeed, the average of the 
entire group is subnormal, —26% below 
average normal. The presence of obesity 
will account for this abnormal result in 
only 1 case. In addition, there was a 
strong tendency for these patients to de- 
velop ballistocardiograms with an abnor- 
mal form after operation (Table 1). 

Summary and Ccnclusions. Ballisto- 
cardiograms and estimations of pulse rate 
and blood pressure were made on 63 pa- 
tients before and frequently after serious 
surgical procedures. Studies of nitrogen 
balance were made in 36 of these patients, 
and blood volume was estimated in 34. 


The changes in the circulation occurring 
during convalescence from severe opera- 
tions have been studied statistically. 

Patients kept in nitrogen balance by 
extra feeding exhibited less abnormality 
of the circulation after operation than 
those who went into negative nitrogen 
balance. This objective finding agreed 
with the clinical impression that the cases 
kept in nitrogen balance stood their opera- 
tions better. 

There was significant correlation be- 
tween the blood volume and cardiac output 
when the group was considered as a whole. 
Extremely abnormal ballistocardiograms 
occurred chiefly when the blood volume 
was small. 

Our cases of biliary tract disease showed 
a pronounced tendency to have subnormal 
circulations before operation and to de- 
velop abnormal ballistocardiograms after 
operation. 
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POSTUEAL HEAET BLOCK 
By Isadore Stein, M.D., D.IiM. 

bhooklyn, kew tors 


The amount of literature pertaining to 
heart block in relation to varying positions 
of the body is not outstanding. Several 
treatises have recentlj'' appeared which 
discussed this subject, illustrated with 
cases of first or second degree heart 
block. A careful survey of the available 
medical journals failed to reveal any in- 
stance involving a third degree or complete 
heart block. 

We have recently cared for 2 patients, 
1 of whom demonstrated complete heart 
block while recumbent. In the sitting 
position this was converted to a first 
degree tj-pe. The other patient showed 
heart block secondary to digitalis medi- 
cation. While supine, dropped beats 
(second degree heart block) were present 
' but disappeared when tlie patient as- 
sumed the upright posture. 

The first case is reported because of its 
rarity. Both patients present features 
illustrating the vagal character of some 
types of heart block. 

Case Reports. A i\Ie.\ican, aged 19, felt 
perfectly well until 1943, when he began to 
have vague abdominal pain and lost much 
weight. He A’omited frequently, but his 
bowels were regular. For the first time on 
Jan. 1, 1944, and then subsequently at ir- 
regular occasions, he had the sensation of 
“being paralyzed,” his wrists and legs 
seemed to be numb and both his hands con- 
tracted. These episode! lasted about 20 
minutes and disappeared spontancou«ly. He 
had been short of breath on moderate effort 
and occasionally had a “suffocating” feeling 
at night. There had never been any edema 
nor any orthopnea; occasional nocturia na« 
noted.* Xo hisforj' of rheumatic fever, 
diphtheria or hypertension wa® obtained. 
As a child he had scarlet fever. 

Examination on admission rcvralcd an 
apprehensive patient not acutely ill. Tiie 
findings were limited to the hc.art. The 
heart was not enlarged. .«ound- were of 
fair qu.ality, F2 gre.atcr than A2. There 


was a short, soft sj-stolic murmur heard .at 
the pulmonic area. The rhythm n as regnlaa 
In the sitting position, the rate was 90 j)er 
minute; lying down the rate dropped to 
about 45 per minute. Electrocardiographic 
tracings taken in both these positions re- 
vealed that in the sitting position he had a 
first degree heart block (prolonged PR in- 
terval) Avhile in the recumbent position he 
liad a complete heart block (Fig. 1), Thi- 
patient was obsen^ed during several of hi? 
“attacks.” At those times he was quite 
excited, but hj'perventiiation was not c\i- 
dent. The lips were slightly cyanotic. PuKc 
was of fair quality and rate about 10.) per 
minute. Carpopedal spasm was present 
One of these attacks was relier'cd by adren- 
alin subcutaneously, and another stopped 
spontaneously before any medication could 
be given to him. Atropine, Aj gr., adminis- 
tered subcutaneon.sly during one of tiie 
periods of complete block changed if to a 
first degree type (Fig. 2). Subsequently 
the complete heart block disappc.ared hnt 
a prolonged PR interval as long ns 0.44 .‘•ee- 
ond persisted throughout his 4 mouths 
hospitalization. Fluoroscopic evamitmtion 
faileel to reveal any cardiac chaniher en- 
largement. 

Because of the patient's complaints that 
he had lots of “gas,” a gall bladder series, 
gastro-infestinal studies and gastric analj s!- 
wero performed, all of which were witlnn 
normal limits. Attempts at hyperreutin- 
tion failed to reproduce patient’s orimrn 
.symptoms. Sedimentation rate defemiina- 
lions were always within nonnal irmh 
His temperature was normal BIkkI <ucu 
was 104 mg. per 100 cc., blood rahinm iO' 
mg. per 100 cc., blood plio-phonis .1 . 

100 cc. During one “attack'' the ''•** 
j)ho>phoras was 5.0 rng. and blowl crJi 'u '• 
S.4 mg. Stool examinations were n'catro 
The patient iscc.ame asymptomat'c oa a 
moderately rr-frirfed physical progra'", • 
on di-charge the fir-t degrv’ leart^ > 
pcr-!-fed. It might bf notfd that 
the ch.anring bir)rk there wc-e 
symptom- silver -tive of fim ' 

syndrome. 





Fio. 2. Case 1.— A, Rocnmbsnt position; complete heart block. B, Recumbent position; first tleRree 
heart block (PR interval = 0.14 second); after atropine pr.A .subcutaneously. 



Fk!. ;i. Case 2. — A, Recumbent position; second decree heart block, dipitalis effect. B, Pittinp 
liosilion; first depree heart block (PR interval = 0.24 second.) 
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an individual emotionally unstable and 
with unmistakable evidence of autonomic 
nervous system imbalance. In Case 2 as 
mentioned previously the prolongation of 
the PR interval and the dropped beats 
were produced by digitalis. According 
to White® digitalis affects A-V conduc- 
tion, at least in part, by vagal stimulation. 
In our patient it may have been the entire 
story as the PR interval was reduced 
from 0.26 to 0.2 second (Fig. 4) following 
atropinization. It is to be noted that in 
Case 1 the auricular rate increased wdien 
the patient assumed the sitting position, 
while Case 2 showed no rise in rate in the 
upright position. 

It would therefore seem warranted in 
all instances of prolonged A-V conduction 
time to note any deviations produced by 
postural changes. The factors responsible 


are probably on the basis of a hypertonic 
state of the vagus nerves. 

Summary and Conclusions. 1. Two 
cases of postural deviations in the A-^^ 
conduction time are described. In the 
1st instance complete heart block was 
present in the recumbent attitude and 
lesser degrees of block when upright. 

2. The 2nd patient presented a second 
degree heart block while supine and a 
first degree in the standing position. The 
block was caused by digitalis.’ 

3. Because both sho'W’ed reduction of 
the block in response to atropine, vagal 
action was assumed as responsible for the 
above findings. 

4. All patients with A-V conduction 
disturbances should be studied in several 
postures for more complete evaluation 
of the clinical and electrocardiographic 
pictures. 


REFERENCES 

1. Alexander, H. L., and Bauerlein, T. C.: Influence of Posture on Partial Heart Block, Am. 
Heart J., 11, 223, 193G. 

2. Bruenn, H. G.: The Mechanism of Impaired Auriculo-ventricular Conduction in Rlicumatic 
Fever, Am. Heart J., 13, 413, 1937. 

3. Carter, E., and Dieuaide, F. R.: Bull. Johns Hopkins Hosp., 34, 401, 1923. 

4. Holmes, .7. H., and Weill, D. R., Jr.: Incomplete Heart Block Produced bv Changes in Posture, 
Am. Heart J., 30, 291, 1945. 

5. Manning, G. W., and Stewart, C. B.: Alteration in PR Interval Associated With Change in 
Posture, Am. He.art J., 30, 109, 1945. 

0. Miller, R., and Perelsian, .1. S.: Chronic Auricular Tachjxardia With Unusual Response to 
Change in Posture, Am. Heart J., 29, 555, 1945. 

7. PoEL, W.: Report of a Case of Incomplete Heart Block Due to Vagal Effect. .rVreh. Int. Med., 
69, 1040, 1942. 

8. RoniNPON, R. W.: Effect of Atropine Upon the Prolongation of the PR Interval Found in Acute 
Rheumatic Fever and Certain Vngatonic Persons, Am. Heart J 29, 5G9, 1945. 

9. White. P. D.: Heart Disease, 2nd ed., New York, Macmillan, p, MS, 193S. 



608 


WILLETT, OPPEJraEIM: PULSIOICARY INFILTRATIOXS 


PULMONARY INFILTRATIONS WITH ASSOCIATED EOSINOPHHIA 
By Lt. Col. Forrest Monroe Willett, M.C., A.U.S.* 

AIaj. Elliot Oppenheui, M.C., A.tl.S.f 


In 1932 Loffler described the sjoidrome 
of transitory pulmonary infiltration asso- 
ciated with eosinophilia.“ By 1936 he 
had accumulated 51 cases which he re- 
ported.^- The main characteristic of 
these infiltrates was their sudden appear- 
ance and disappearance in 3 to S days. 
The associated eosinophiiia averaged 10 
to 30%, but in some instances was o\'er 
60%. Cases have been subsequently re- 
ported, however, in which the symptoms 
were more severe and the clinical course 
more chronic. The pulmonary infiltra- 
tions associated with these cases could be 
demonstrated roentgenologically for weeks 
or months,®-^-®'^® 

Loffler first thought the condition might 
be a benign form of tuberculosis. He 
later discarded this theory in favor of one 
that the eosinophiiia was the e.xpression 
of an anaphylactic process. Engel of 
Shanghai'''® was the first to provide sub- 
stantial evidence tliat pulmonary infil- 
trations associated with eosinophiiia mny 
occur on an allergic basis. A species of 
ligustrum, called privet, blooms in China 
during May and June. At this time large 
numbers of people have a type of bronchi- 
tis, commonly referred to as "privet 
cough.” Roentgenographicalli' there is 
pulmonary infiltration, lasting 1 to G days, 
associated with eosinophiiia of 20 to 25%. 
Maicr, after reviewing 100 cases of transi- 
tory pulmonary infiltrations with blood 
eosinophiiia, also came to the conclusion 
that they are allergic in nature.” On the 
other hand, pulmonary infiltrations with 
eosinophiiia ha\'C also been described in 
association with trichinosis,”'” chronic 
hruceJlosis,’ and amebi.asis,® anti infeta- 
tion with necator,” Famoh krjiatira,'^ 


Ascans btmbricotdcs,^^ and Slmugiilouh 
sicrcoralis.^ The differential diagnosis of 
pulmonary infiltrations with eosinophiiia 
therefore entails the consideration of many 
factors. It is the purpose of this com- 
munication to emphasize another condi- 
tion in which pulmonary infiltration may 
be associated m'th moderate or marked 
eosinophiiia. The occurrence of eosino- 
phiiia in coccidioidomycosis lias been re- 
ported bj' others.-''"''® In the literature 
on the subject available to us, liowcvcr, 
the eosinophiiia has been slight, ranging 
from 5 to IS %. In a previous comimmi- 
cation,-® one of us reported a case of pul- 
monary coccidioidomycosis with 31 % eo- 
sinophiiia. We now wish to report 2 ad- 
ditional cases, I with 89% eosinophiiia, 
and another witli 27 %. 

Case Reports. Case L A 27 year old 
radio operator of Me.vican extraction v'ji'i 
admitted to the March Field St.ation Iloqii- 
tal on Oct. 22, 1944, with a chief compl.aint 
of chills and fever of 30 hours duration. On 
October 10 the patient was flying a night 
mi.fsioi). About 1 o’clock, October 20, he 
began having chills and fever a<:.'Ociafcd 
with some headache and aching of the nm'* 
eJes, especially in the back. He had rhiH' 
all that d.ay and the next. On Octol’.er ~~ 
he reported to .«ick call and wa® adniittfi 
to the hospital. Tliere were no .®yjn[ito:n- 
othcr than those .stated above. 

In civilian life, the patient wa® 
working in an offiec in Lo® .-Ingolc''. O ' ■* 
was no histoty of fiibcrculods or alb-rg)'. b. 
1942 ho was operated on for v. h.nt he 
was a "niptured stomach ulcer.' 

The patient had iieen in tie Anny 
Oct. 2, IflLI, During th.at tinw he nay'' 
Air H.a-e-' in Denver, * 

S. D.; and Viim.a, .-Vn'z. lb- r,r.- at I/:' " ‘ 


» Instructor in Mcriicine, Stanforri L'mypr-sty. 
t Re^c3rc^l Feiiow in Mpiiicir.o. Non YorL To' 
Vork, 
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Army Air Pield, Lemoore, Calif., a known 
area of enclemicity, from Sept. 22, 1944, to 
Oct. 9, 1944. He arrived at March Field 
Oct. 10, 1944. 

On admission to the hospital, patient’s 
temperature was 102° F. Plwsical exam- 
ination was essentially negative. The chest 
was clear. There was. a well-healed right^ 
pararectus scar from his previous operation 
^Vhite blood cell count was 19,900 (57% 
neutrophils, 25% lymphocytes, 17% eosino- 
phils and 1% basophils). Red blood count 
was 4,950,000 with 15 gm. hemoglobin. 
Roentgenogram of the chest, blood Kahn 
and urinalysis were negative. 

The patient was started on 1 gm. sulfa- 
diazine orally every 4 hours. After 48 hours 
his temperature fell to normal and remained 
so for 2 - 2 - days, at which time it rose to 
99.4° F. At this time, physical examination 
was again negative. A roentgenogram of 
the chest, taken Oct. 27, 1944, showed a 
diffuse granular density in the second, fourth 
and fifth left interspaces anteriorly. On 
October 29 the patient had 3 isolated pustu- 
lar lesions on his back, but otherwise looked 
and felt well. The initial siTOptoins had 
disappeared, and his temperature v.'as nor- 
mal. White blood count at this time was 
32,100 (G7% eosinophils, 19% lymphocytes 
and 14% neutrophils. Sulfadiazine was dis- 
continued and a search made for the cause 
of the marked eosinophilia. Eight stool 
examinations were negative for ova, para- 
sites and post-culture. Two blood agglu- 
tinations for brucellosis were negative in all 
dilutions. Trichinella sldn test was nega- 
tive. Several sputum examinations were 
negative for significant findings. Tubercu- 
lin (Purified Protein Derivative) was nega- 
tive in the first strength but 4-p in 4S hours 
in the second strength. Coccidioidin skin 
test (1:100) was 2-|- positive in 24 hours 
and 48 hours. 

A tentative clinical diagnosis of coccidi- 
oidomycosis was established, witli eosino- 
philic leukemia and parasitism to be nded 
out. 

On November 5, after having had a nor- 
mal temperature for G days, the patient 
hail a fever of 100° F. He now had a pustu- 
lar lesion on his right leg similar to tho.=e 
on his back. The j>os*orior cerNncal .and left 
a\illar>- lymi>h nodes were enlarged, finn, 
slightly teiuler. but di'^crete and movable. 
The liver ami spleen were not enlargeii. 

VOl. sc. o— SCVCSlI't:;, 1010 


The next day the patient had a chill 
with a fever of 102.6° F. and again the 
following afternoon. At this time the white 
blood count was 45,703 (83% eosinophils, 
6% neutrophils, 5% lymphocytes). Roent- 
genograms of the chest showed the previ- 
ously described infiltration in the loft chest. 
In addition, there were small areas of infil- 
tration in the right fifth anterior interapace. 
On Nov. 8, 1944, the patient developed a 
pustular lesion on his scalp. Those present 
on his back were now dark red, firm and 
appeared to be infiltrating the surround- 
ing skin. 

To rule out the pos.sibilit}’’ of an eosino- 
philic leukemia, a sternal bone marrow 
aspiration was done. The white blood count 
at this time was 49,653 (89% eosinophils, 
7 % lymphocytes and 4 % neutrophils) . The 
bone marrow examination was done bj’’ 
Capt. D. T. Edmeades, Cliief of Patholo^ 
Service, and was reported as follows: Dif- 
ferential bone marrow smear (600): eosino- 
phil percentages: segmented 37, staff cells 
31.2, metamyelocytes 5.3, myelocytes 3; 
neutrophil percentages; segmented 2.2, staff 
cells 3.6, metamyelocytes, 2.5, myelocytes 
0.3^ premyeloeytes 2, myeloblasts 0.2, eosino- 
philic normoblasts, 3.9, megaloblasts, 0.5, 
lymphocytes, 2.9, atypical lymphocytes, 1.1, 
undifferential small cells 1.6. 

There is marked eosinophilic proliferation 
and infiltration of the bone marrow. Pre- 
dominnntlj' the cells are of the mature type 
with onl}’^ 2.2% myeloblasts and prem 3 ’elo- 
cjdes. "l^niile the smear might be consistent 
with so-called chronic eosinophilic leukemia, 
these changes would also be seen in anj' dis- 
ease producing a marked stimulation of 
eosinophils. 

On Nov. 11, 1944, a biops}' of a Rmph 
node and portion of a .skin lesion was done. 
The pathologic report was as follows: h'mph 
node; portions of the nonnal architecture 
are distorted due to the formation of pseudo- 
tubercles. Some of the'c .•show central casea- 
tion necrosis surrounded b\* epithelioid and 
rct’culo-endotheli.al cells. In some of these 
area': there are spherical bodies measuring 
15 to 60 micra wliicli take the basic stain 
and are prob.ably calcified. In other areas 
the center of the tubercle contains m.an\' 
pohunorjihonuclear cells forming a sm.a'H 
•abscess. In still otlicrs there .are I to 3 riant 
cells usually of the I-anghans type. A rare 
ri-ant cell contains a s|)hcrical body with a 
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doublj' refractile cj'st wall and occasional!}' 
■K^^tll endospores which are typical of Coccidi- 
oides immitis. There is an increase in fibrous 
tissue about the tubercles and marked 
reticulo-endothelial proliferation which in 
some areas resembles Boeck’s sarcoid. Be- 
tween aggregations of tubercles there is 
marked infiltration of pol}Tnorphonuclear 
cells and a few monocjdes and eosinophils. 

Skin: section is through skin with rather 
extensive micro-abscess formation in both 
the corium and the subcutaneous tissues. 
Surrounding these abscesses and extending 
along the sweat glands there is a neutrophilic, 
eosinophilic and l}miphocytic infiltration. A 
rare spherical cyst containing endospores 
typical of C. immiiis is seen. Deep in the 
infiltrate there is a rather marked hyper- 
plasia of reticulo-endothelial cells. Super- 
ficially, 1 of the small abscesses has rup- 
tured externally. The surrounding stratified 
squamous epithelium shows alternating areas 
of atrophy and h}'perplastic rete pegs. There 
are acciunulations of degenerating neutro- 
trophils between the stratum corneum and 
the granular layers. Rather marked para- 
keratosis is present. 

Diagnosis: Coccidioidomycosis, di.«sem- 
inated, Ijunph node and skin. 

Dr. C. E. Smith of Stanford University 
performed serologic examinations of the 
blood for coccidioidal infection. The report 
was as follows: Complement fixation tests; 
serial dilutions of serum {0.25 cc.): 1:2, 
d — 1:4, 1:S, -h-l--l--k,’ 

1:16, -f-f-f-fl;32, -f-f-f-f; 1:64, -f-P; 

1 ;12S, 0; 1 :250, 0. Precipitin tests: serial 
dilutions of antigen: undiluted, -f -f; 1:10, 
-f-f; 1:40, -f-f ; 1:100, 0. 

Conclusion: Coccidioidal infection with 
di.«semination. 

The patient was .started on a cour.'-e of 
treatment using Ball ^lill Coccidioidc.s Vac- 
cine.* At this time the white blood count 


was 40,500 (76% eosinophils, 14% lympho- 
cytes, 10% neutrophils). The secliincnt.'i- 
tion rate (Wintrobe) was 34 inm./hour. 

The patient tolerated the vaccine well 
and showed definite clinical improvcnirnt. 
His temperature remained normal. Physi- 
cal examination of chest remained negative. 
On Dec. 17, 1944, a roentgenogram of the 
chest showed a definite reduction in the 
amount of infiltration in both lungs. Tlie 
white blood count at this time was 15,15') 
with a differential of 42% eosinophils, 39''; 
lymphocytes, 26% neutrophils and 2% h.a=f>- 
phils. Sedimentation rate was 12 mm. lnt;r. 

By Jan. 2, 1945, all roentgenograpliic evi- 
dence of pulmonary infiltration li.ad com- 
pletely disappeared. The wliite blood comit 
was 10,150 (3S% eosinophils, 37% lympho- 
cytes, 25% neutrophils). Sedimeatation 
rate was 32 mm ./hour. A re-check s.-rolnnc 
ercaminafion showed the following; Co:npk‘- 
ment fi.xation tests: 1:2, -f-f-p+l PI 
1:8, -{--{-■4* + ; 1:16, -h-h+'ll 
1:32, -f-f -f-f: 1:64, -f-f-f-f: 1:128. 
-f-f-f-f; 1:256, -f-f+-f. Precipitin tc4<: 
undiluted, 0; 1:10, 0; 1:40, 0; 1:103, 0. 

Concljision: No signific.aiit change from 
previous examination. 

On Jan. 10, 1045, the patient \va< trans- 
ferred to another liospital for fnrflier con- 
valescence. At that time his clie.'t w.'i'; cic.ir 
roentgenographically; the white hlooti conn! 
was 0750 with 23% codnopliif, 35',' lym- 
phocyfe.s, and 45% neutroiihif. .''cdiimn- 
fation rate was 27 mm. /hour. ^ 

The patient was next .seen at the -^h'irc.i 
Field Station Hospital on .July 2S. He O' * 
well, had gained weight, hut r.nn .an oof v 
sional elevation of te.mperatiire to 
at 4 r.M. Roentgenogram of flic ehe-t e.'i- 
negative. E.varnination of the hlwd •‘•ho.'' - 
a white blood count of 72.50 (0% co-iaop n • 
45% lymj)hocyte.<, 4S% nciitro[)hif. 
Imsophih). The red blood co’int ■ 


* Supplied b.v Dr. Ch-orlco }r. Smith. St-inford Univer-ity. C.-iIifornia. The rn.itcrii! 
crind of ooccidioidc- mat in a litpiid .'yntlieiic media in wJn'eh the fiiticu- ha' rronn for 
cont.ain' aqueous merthiol.ate 1 : 10,000 .and i' purified fiy Urrl'efcld filtration 

To u'e the vaccine, one fin-t .'hin tc.,t' with 0.1 cc. of 1 : 10, 1 : 100 and 1 ; 1000 djlut.'or:-- 
inc the concentration which cau-C' a mod.’ratc re.action f-.ay 1 cm.t. one inj.-ct- that : 
mu'cularly. Two d.ay.' later, if the local and f-yitcmic reaction' have not fc-cn -'••.c.-c, 
i-! injected intravenon-ly. The u-nal initial <!n-c it 0.1 cc. of a 1:100 dilution. Lt< r> - 
do-e. double the p.-ecc<!inK one. i- ftiven .-licht fever or chill j', no rontrsiadira'i^ 
treatment. If a nnarked rraction occur' the do-aue f-hould not lx- increa— •! but l.c!'. at t 
When one rcac.hi'' 1 cc. of an.v dilution, the neat do-e .•ho;i!d !»• 0.1 cc, of t.hc r.ctt l-.v-.-r 
1 cc of l.'llXl dilution follow cd h.v tl.I cc. of 1:10. 1 cc. of 1:10 f.i!!o..tf-.! by 0.1 r-'. "hi: '... 
The'do-aste b not incri-a-ed Ix-yond g cc. of undiluted! maf-ri.al. .V ..'o-ir* st I -■ - 

amccine m.ay be ttiv.-n tnic,- w.ekly f..r f. week-. If furth-r vac-.r.c th-ca-.y t- v 
cour-'? i- rc;>catc<L 
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4,710,000 with 15 gm. hemoglobin. The 
sedimentation rate was 20 mm./Iiour. A 
specimen was taken for serologic examina- 
tion. The report was as follows: Comple- 
ment fi.xation tests: 1:2, -f-l — 1- + ; 1:4, 
+ + + + ; 1:8, + + + + ; 1:16, + + + + ; 

1 :32, 4-{-i-l-;l : 64, 1:128, 0; 1:256, 0. 

Precipitin tests: undiluted, 0; 1:10, 0; 1:40, 

0 ; 1 : 100 , 0 . 

Further follow-up examination on this 
patient has not been possible. 

Case 2. A 28 3 mar old white male bom- 
bardier of Mexican extraction was admitted 
to the March Field Station Hospital on 
Aug. 20, 1945, with the complaint of fever 
and malaise of a few hours duration. He 
had noticed symptoms of a mild upper respi- 
ratory infection for the past 2 weeks, mani- 
fested by nasal congestion, slight sore throat, 
mild unproductive cough and anorexia. In 
the 12 hours preceding hospital admission 
he had noticed fever, weakness and .slight 
substeinal pain on coughing. 

On admission, he was found to have a 
temperature of 101° F., pulse 94 per minute 
and blood pressure was 125/75. There was 
a moderately injected phar 3 mx; heart and 
lungs were clear on examination. The re- 
mainder of the ph 3 'sical examination was 
negative. Complete blood count: red blood 
cells, 4,800,000; hemoglobin, 14.2 gm.; white 
blood cells, 12,500 (75‘/o neutroi^hils, 25% 
lymphoc 3 ’tc.s) ; Kahn negative; throat cul- 
ture, a light growth of aljdia hcmoh’tic strei>- 
cocci; direct smear of the throat, a few 
gram-i)ositivc cocci in ixair.c. 

Roentgenogram of tlie chest taken Auc. 21, 
1015, was essentially negative. Tiic clinical 
impression at that time was uasophar 3 -ncitis. 

His coiir.se was one of continued fever, and 
an annoying hacking unproductive cough. 
The physical examination remained C5=en- 
tialh’ negative. 

On August 27, roentgenogram of the ehe-^t 
was reported as .showing “rather heav 3 ' hilar 
markings and a jirobable increase in the size 
of the hilar nodes on the left. Xo definite 
parenchymal infiltration made out.” The 
white blood cell count on this date .also 
showed the total cell count to be 10.009 
mnitniphils, 2H; l\-mphoeytes and 
22',' iH->-ino]ihiIs. Tiie soilinjt^.jtalion rate 
wa-- 20 mm. hour (Wintrobel cnrreet'xi. 
Several sj'utum e'caminati'>ns were found 
negative for sirniticant organisms. A mim- 
b.'r of bhxsl agcIutinatio;i tost.- were p'r- 


formed, including Widal and heterophil 
agglutinations without significant findings. 
A blood culture w'as negative. Repeated 
stool examinations for ova and parasites as 
w'ell as cultures w'ere negative. Agglutina- 
tions for brucella were negative. 

On August 27 a skin test was done using 
coccidioidin in a dilution of 1:100. This 
W'as found to be positive in the course of 
36 hours. Sputum examinations, again 
made, were also found negative. Clinical 
impression at this time was pulmonary coc- 
cidioidomycosis. 

On September 8 a roentgenogram of the 
che.st was reported as .showing “ parencl^mal 
infiltration in the left lung field at the level 
of the fourth and fifth intercostal spapes 
anteriorl 3 % along with prominence of the 
mediastinal nodes on the left.” The sedi- 
mentation rate on this date was 32 mm./liour 
(Wintrobe) corrected. White blood cell 
count was 14,000 (59% neutrophils, 14% 
l 3 ’-mphoc 3 'tes and 27% eosinophils). The 
patient continued to feel weak, had no appe- 
tite and ran a temperature from 100° F. 
to 101° F. Ph 3 '^sical examination remained 
negative. 

Serologic examination of blood taken Sept. 
10, 1945 (performed b 3 ' Dr. C. E. Smith of 
Stanford University Sledical School) was 
reported as follows: 1:2, -b-f-f-f; 1:4, 
+ + -b; 1:8, -f ; 1:16, 0; 1:32, 0; 1:64, 0; 
1:128, 0; 1:2.56, 0. Precipitin tests: serial 
dilution of serum (0 to 25 cc.): undiluted, 
++++; ! : 10, +-b+4-; 1 ;40, -}-; 1 ; 100, 0. 

Couclnaion: Findings indicated a primar 3 ' 
coccidioidal infection, well focalized. 

On September 15 the patient became 
afebrile, .showed vcr 3 " marked subjective im- 
provement with increase in appetite, and a 
feeling of wellness. On this date the white 
blood cell count was 12,000 with 60% neu- 
trophils, 18% h-miihocx’tes and 22% eosino- 
))hils. The sedimentation rate wa« 32 mm./ 
hour (AVintrolio) corrected. 

On Sejitember 24 the chest rocntgcnogr.am 
.■showed definite regression and improvement 
of the parenclnmial infiltration, and diinimi- 
tinn in the size of the hilar nodes. 

The remainder of the clinical course wa« 
uneventful. chc-t njentcono^ram on Oct. 
12. 194.3. wa- reported C'-entialh- negative. 
0:i this date. uKo. the white blmvi coR count 
we.s 10.601 with 74% neutrophils. 24 Ivm- 
phoc 3 ’tes and 2% ee>sirinphi!=. Tlie c/^di- 
mcnfat’.on rate continue^i to decline, and 
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the patient -n-as returned to duty after a 
total of 65 da3''s of hospitalization. 

Discussion. In the 2 cases 'described, 
pulmonary infiltration lasted approxi- 
matel.v 67 daj^s (Case 1) and 46 da.vs 
(Case 2) respectivel.y. Blood eosinophilia, 
likewise persisted for the same approxi- 
mate duration. We and others have seen 
cases in which the pulmonarj'^ infiltrations 
were of shorter duration, and in which the 
eosinophilia was less pronounced.^^ Case 1 
is interesting because of the unusuallj' 
high eosinophilia, and the seeminglj* fair 
chance of recoverj" from the disseminated 
form of coccidioidom^-cosis. 

It maj' be assumed that a considerable 
number of transient persons have either 


recently resided in or traveled tliroiisrh 
endemic areas for Coceidwidcs mmtiis. 
These-persons could easih- arrive at tlifir 
destinations in non-endemic areas, and 
there develop the disease nithin the ac- 
cepted incubation time. .It is also con- 
ceivable that some perplexity miglit arise 
concerning the diagnosis in those areas 
where the disease is seen infrequently. 
It is suggested, therefore, that the differ- 
ential diagnosis of pulmonary infiltrations 
with eosinophilia should include the pos- 
sibility' of coccidioidomycosis. 

Summary, Two cases of coccidioido- 
mycosis are reported. Both cases demon- 
strated pulmonary infiltration avith liigli 
blood eosinophil levels, S9 and 27 % respec- 
tively. 


REFEREKCES 


• 1. Bebk, J. E.: J. Am. Med. Assn., 127, 354, 1945. 

2. Dickson, E. C., and Giftorb, M. A.: Arch, Int. Med., 62, SS3, JP.2R. 

3. Elsom, K. a., and Ingeefingeb, F. J.: Ann. Int, Med., 16, 995, 1942. 

4. Engel, D.: Erkrankung. med. IClin., 2, HOC. 1935.. 

5. Engel, D.: Eoitr, z. Klin, d, Tuherk., 87, 239, 1935 

6. HARKAra', J.: Arch. Int. Med., 67, 709, 1941. 

7. Harkaat, .r.t J. AllcrfO', 14, 507, 1943. 

S. Hen.vei.l, H.. and Susssjan, M. L.: Radiology, 44, 32S, 194.5. 

9. Hoff, A., and Hicks, H. M.: Am. Rev. Tul)orc . 45. 194. 1912. 

10. Lavier, G., Babiety, M., and CAROEt. J.: Par'n m5d., 1, 4.24, 1939. 

11. LOffleb, IV.: I’eitr. z. Klin. d. Tuberk., 79, .3flS, 1932, 

12. L'-iffler, tv.: Sclmoiz. mod. Wchnschr., 65, 10.19. 1930. 

13. Maier, C.: Ilclvet. mod. .\ct3, 10, 95, 1913: Abstr., J. .Itn. Med. A^sn.. 123. SCO, Ivl.i. 

14. Minot, G. R., and Rackemann, F. M.r Am. J. Med. Sci., 163. 571, 1915. 

15. Qvint.v.na. E. A'.: Rev. mC-d.-quir de orienfc, 3, 159, 1012. 

10, Si.owev, ,4. 1'.: Ann, Int. Med., 21. 130, 1944. 

17. .'^Mirn. C. E.: Pon-onal communication. 

IS. VAW.r.ooR. T., Me.ndoz.^, R., and pEOEn.*, J.: Bol, For, Cubana de Pediat.. 11. -0<, u 

19. IVji.D, O., .and LoEnT.-CHr.n, M.: Schweiz, med. IVchnbrhr., 61. S29. 19.31. 

20. IV 1 EI.ETT. F. M., and Weiss, A.: Ann. Int. Mod.. 23. 319, 195.'>. 



PROGRESS 

OF 

MEDICAL SCIENCE 

THERAPEUTICS 


UNDER THE CHARGE OF 

CARY EGGLESTON, M.D. 

ASBOCIATE PROFESSOR OP' CLINICAL MEDICINE, CORNELL UNIVERSITY MEDICAL COLLEGE 

and 

HARRY GOLD, M.D. 

ASSOCIATE PROFESSOR OF PHARMACOLOGY, CORNELL UNIVERSITY MEDICAL COLT^EGE 

NEW YORK CITY 


DRUGS USED IN CLINICAL DIAGNOSIS (FART II) 

Review of Recent Iiteeatitre 

Bv IMoiuus Pearlmutter, M.D. 

xr.w YORK CITY 

(From the Dopartmonl of Pharmacology of Cornell University Medical College) 


In the November 1944 issue of this 
Journal a review of recent literature on 
drugs used in clinical diagnosis was pre- 
sented. The analysis covered in particu- 
lar the more important American litera- 
ture during the past 10 years, and related 
ehiefly to drug.s used in the diagnosis of 
liver function, namely, hromsulphalein, 
benzoic acid, galacto.se, hilirubin, tyrosine, 
amino acids, azonibin-S, vitamin K and 
dextrose. The analysis of the literature 
has now been extended to include gastro- 
intestinal function, pancreatic function, 
the gall bladder, epilepsy, myasthenia 
gravis and pregnancy. This review forms 
the subject of the jwesent report. 

Gastro-intestinae Ft’Ncnox. Xnt- 
tral Rtii. The dye, aminodimethyl tohi 
aminozene liydroohloride. was introduced 
as a test of gastric function in 1P2J 
Glaessncr and MittgonsteiiP"). The test 
depends on the fact that some of this 
substance is excreted into tlie gastric 
nimonts after pamUeral ndininistruiiou 
(Finkelstein.^' I'uld''). and in gastric dis- 
turbaiuvs, ilopending on tlic underlying 
ilisonlor, its appeanuiee is accelerated, 


delayed, or absent (Glacssner*®). The 
basis of the method involves determining 
the time interval by frequent gastric aspi- 
rations. The method tests the excretory 
function of the parietal cells inasmuch 
as they selectively eliminate the dye (iMor- 
rison;"' hlorrison, Gardner and Reeves'®). 
This function is apparently distinct from 
that of acid secretion, as they frequently 
do not parallel eacli other either in the 
normal or abnormal stomach (Gillman,^® 
Winkclstcin'^). 

In tlie original test a dose of 5 cc. of a 
1 Tr solution (.50 mg.) was injected intra- 
muscularly and gastric juice was collected 
every 2 minutes until the dye appeared. 
The normal standard was 15 to 20 min- 
utes. Its appeaninec sooner tlian 10 min- 
utes or later than 20 minutes was Lakcn 
as abnormal.*^' '' Several modifications 
have been introduccnl aimed at increasing 
the sensitiveness of the test. V.arious 
plans for taking gastric s.nrnples at intcr- 
vah ra.ngiTig fmm ’ to 5 mimue- have 
been suggotcfl (Gillrnan,^' OIIcro',‘‘ Rob- 
ert.^on*') and administration of the dnig 
h.ns been ebangtd to the intravenous 
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route.«-®s The fact tliat the gastric function. In addition, wlien repeated in 
mucosa, beside excreting this compound, the same individual on different occasioih 
concentrates^ it to a considerable degree, relatively constant results were ohtaiawl 
suggested still another modification;^® the while histamine produced vide varia- 
test dose (5 cc. of a 1 % solution) was tions.'*® The combined test is apparently 
given intravenously and samples of gas- more sensiti^'e in the diagnosis of true 
trie contents were taken at minute-inter- aclilorhydria tlian any preA’ioiisly cni- 
vals for the first 30 minutes. The degree ployed.'"® Fourteen patients c.viiihitcd 
of maximum concentration and the time achlorhydria of unknown etiology in a 
taken to reach it, i. e., the concentration study Avith this test. On gastroseojac 

time, were determined in addition to the examination all were found to have p;\5- 

e,xcretion time, i. e., time it takes for dj'e tritis of either the atrophic, hypertrophic 

to appear following the injection. If dj'e or mixed hypertrophic form. In an earlier 

excretion was abnormal at tlie end of gastroscopic study of 161 patients tPst('(l 
30 minutes, 0.5 mg. of histamine acid rvith neutral red it was noted that severe 
phosphate was given subcutaneously and atrophic gastritis considcrerl typical of 
the test continued for a further 90 min- pernicious anemia was associated with 
ute period. In indiA-iduais free of gastric failure of dye excretion (Henning and 
dysfunction the average excretion time Jiirgens®'). Those Avith histamino-rv-'i'- 
was 4 minutes and tlie average concentra- taut achlorhydria, but with less seven’ 
tion time AA’as 14 minutes. The upper atrophic lesions, eliminated the dye. 
limits of normal rr-ere taken as G**® or 9'® TJie fact that neutral red is excreted 


minutes for the former and 20 minutes^-®* 
for the latter. Patients Avith chronic gas- 
tritis, gastric carcinoma and chronic dis- 
ease associated with gastric dysfunction, 
e. p., pernicious anemia, nephritis, liA-er 
disease, or severe clinical avitaminosis, 
displayed an absence or impairment of dye 
e.Tcretion and/or concentration.’'® ®® In no 
case Ashere there was an absence of dye 
• excretion AA'as an acid secreting rcspon.se 
to histamine obscrA-cd. In contra.st, pa- 
tients Avith gastric or duodenal ulcer 
shoAved an acceleration of these functions 
and in some indiA'iduals the resultant 
excretion and concentration times aacfc 
as brief as 1. and 2 minutes respectively.’® 
A combined test (neutral red, histamine 
and a test meal) avus employed in indi- 
A-iduals exhibiting a 2 hour achlorhydria 
by the routine Rehfuss fractional method 
(iVinkelstfin'^). In 15 c:iscs the dye ap- 
peared in the n!)sence of free IICI. Each 
sample was acidified to brine out the re»! 
color of the dye. Since, in all in-tance^. 
free HCi AA-as sub'Ctpicntiy demon'trutefl 
l>v more inten.'Sve metluxl- faihlilional 
histamine, alcohol, nran'.;«-., etc.), the dye 
test appear? to f>c more .<-en'itiVf than 
histamine a? an indicator of pari-t.al cell 


in tropical sprue Avith hi.staminc-resi'tant 
aclilorhydria, but not in pcrniciou'* ntif- 
mia, has been tipplicd in the difTcrcniinl 
diagnosis of these conditions (Ollero'*'). 
On occasion it has iieen found in tfiesteni' 
ach contents of pernicious anemia patical- 
(Cohen. Matzner and Cray”), h' dc''’ 
cases it i.s the rc.>ult of diiotlenal regurgita- 


tion of dye, for it lias been to h*‘ 

excreted into the bile and duodena! 


cretion and by the entire 'unall itowel. 
AA'cll ns in tlie gastric secretion (I’i'!"’ 
Rockiis anrl Bank‘'V- ’^'bi? dilfieulty c 
be OA'ercomo Avith tlie use of a do'i' 


it*® 

'‘T 

f,. 


ga.strodiiodenal tube and efuitinuou' ■ e 
tion (Boekiis"). Beside it.> diagt'’'-’ ' 
A-aliic it has been .stigge-feri tliat t!i‘‘ t' ^ 
niiglil be iiscfl to gauge the jirorn' 
of a gastric Ic-ion or it- re<ovcrv ufv 
therapy (l/iurja*'j. Thi- projxe d ^ 
receivefl little fiirtler evaluation *"i'' 
Hoojitgen ray A\itli an op iqu'" 'o' 
tiie purjKi-o so A\(il. 'Hie t< 
greatest value from tie' fie t the / 

plete inability to exert tf tie- (be I - ^ 

alwax- indietitixt- of g.i-tr:" foO'o ’ ' 
age, and tint total failure of (h 
ii u-!i;t(fy prefeifid by rt ' 

.able dbtiirb'ire'-. in dye ev ' 
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Histamine. The use of histamine (beta- 
imiclazolylethylamine) for testing gastric 
function is based on tlie fact that it is a 
maximal stimulant to the secretion of 
hydrochloric acid. Its application has 
made possible the study of the secretory 
response of the gastric glands uninfluenced 
by psychic factors. It has also made avail- 
able for study pure gastric juice uncon- 
taminated by a test meal which, however 
simple, produced physical and chemi- 
cal alterations through dilution and neu- 
tralization (Babkin^). The basis of the 
procedure involves performing gastric aspi- 
rations on a 12 hour fasted individual at 
10 or 15 minute intervals for 1 hour fol- 
lowing the hypodermic injection of a 
standard dose (0.1 mg. per 10 kg. of body 
weight) of the drug. The volume and 
acidity of the samples are determined. 
The normal response is prompt with maxi- 
mum acidity being attained in 20 to 
30 minutes. The procedure tests the acid 
secreting function of the parietal cells by 
direct stimulation. Atropine produces 
little or no alteration in response (Graj-®®). 
There is apparently some lack of agree- 
ment as to whether it is also a stimulant 
to i)cpsin formation by the chief cells. 
There is 1 report which indicates that 
(he .secretory response to a second injec- 
tion of histamine given 00 to 00 minutes 
after the fir.st is similar to that following 
(he first and e.xhibits chief cell as well as 
])arietal cell activity (Rivers, Osterberg 
and Vanzant®'). Tliis test, using a .second 
injection, does not determine, however, 
whether histamine stimulates pepsin pro- 
duction or only mechanically promotes 
elimination of preformed j)epsin (Bucher 
atid Ivy*'*). The fact that tlie values for 
jiepsin show no such correlation with 
histamine as do those for total chloride 
and HCI, and the not infrequent failure 
of jH'psin comvntration to rise above (lie 
fasting level after histamine, are further 
arguments against stimulation of the chief 
<vll by this dnig (Toln-”^). Most olxerv- 
ei> believe that histamine stimulates the 
pariet.-d ivll exclusively.' 

.\ niodit'.eation of the hl-taminc test 


was ex-plored in an attempt to secure 
information regarding the maximal poten- 
tiality of acid and pepsin secretion of 
the gastric cells and their ability to main- 
tain increased secretory rates over longer 
periods of time. This double histamine 
test®^ is essentially a combination of the 
original 60 to 90 minute test, at the con- 
clusion of xvhich a second dose of the drug 
similar to the first is given, and specimens 
are again collected at 10 or 15 minute 
intervals. The normal individual shows 
a rise in acidity xvhich falls within 60 to 
90 minutes and rises again after the second 
injection. Patients witli ulcer frequently 
exhibit a sustained high acidity curve 
throughout the entire test. 

The fact that an alkaline tide occurs in 
the urine when hydrochloric acid secretion 
is taking place, and is absent in achlor- 
hydria, has been made the basis of a 
gastric function test (Allen and Haft*). 
The method involves injecting 0.3 mg. of 
histamine acid phosphate subcutaneously 
and giving 500 cc. of water by mouth 
after a fasting specimen of urine has been 
voided. Five hourly urine specimens are 
obtained and tlieir pH determined. An 
alkaline tide occurred in those with nor- 
ma! gastric function while, with few ex- 
ceptions (severe renal damage, urinary 
infections, etc.), it was absent in cases of 
achlorhydria. 

The liistamine test of gastric function 
has importiint limitations. The motor 
function of the stomach is not tested. It 
fails to give information concerning rau- 
cous and pcjjsin secretion,® and the range 
of normal acidity is so great tliat it 
becomes difficult to decide wliat value 
shall be taken to mean normal, hyper- 
or hypoacidity (Ruffin and Dick*'^). There 
are vari.ations with sex in norma!*''- and 
ulcer individuals (Brown and Rivers*'}, 
atid witii age,*'- (he mean values being 
lower in feni.’des and in the elderly. While 
significant variations from coniroi values 
omir in gastric (Xircinoma and jiellagra, 
the mou' imiwrtant information relates 
to the prcseiu'e or absence of HCI, Hither 
than tlie amount that i« present. 
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In a recent study (Glenn^®) the test was 
applied in an attempt to differentiate duo- 
denal ulcer from other conditions causing 
digestive disorders, i. c., psychoneurosis, 
gastritis, etc. Attention was directed to 
both total acidity and total volume of 
gastric secretion. While differences for 
these values in the 2 groups occurred, the 
overlapping in distribution made the pro- 
cedure one of little value in the diagnosis 
of ulcer. The main reason for using hista- 
mine remains the demonstration of achlor- 
hydria.^®^ However, spontaneous varia- 
tions in response to the drug do occur 
(Palmer, Kirsner and Nutter^) and a 
“histamine-proved” achlorhydria is not 
necessarily indicative of permanent ana- 
cidity (Schiff, 1938). 

Insulin. This substance, like histamine, 
is a stimulant to gastric secretory activity. 
However, its injection in the necessary 
dosage is followed by a strikingly different 
qualitative response. This fact has made 


tion suggested that insulin hypoglycemia 
might be an excellent test for continuity 
of tlie vagus nerves (Babkin,® Hollantict^-’j. 
Recently, with the renewed interest in the 
supradiaphragmatic section of tlie vapu« 
nerves for the treatment of gastric and 
duodenal ulcer, the test has been employed 
to determine if vagotomy was complete. 
The absence of a secretory response was 
found to be good evidence tliat the nerves 
had been completely sectioned (Thornton, 
Storer and Dragstedt;"' Dragstedt rt o/."). 
An acid gastric juice response indicatol 
that some fibers had been left intact.*’ 
Insulin stimulation gives inforumtion 
concerning tlie first, or vagal, phase of 
gastric secretion. A study of tin’s vagal 
secretory mechanism is of value when 
considering svtrgery of the stomach or 
duodenum for peptic ulcer (Babkin’). In 
a recent study (Welin and Frisk’'') the 
use of the double gastroduodenal tiih** 
with continuous suction of duodena! con* 


it valuable as a diagnostic agent in the 
study of gastric function. The acidity of 
insulin stimulated gastric juice is only 
slightly lower than that obtained with 
histamine, and the total chloride concen- 
trations arc nearly equal. In addition, 
the juice obtained with insulin stimulation 
has large amounts of raucous and pos- 
sesses considerable peptic activity.® It 
becomes apparent, therefore, that insulin 
stimulates not only the parietal cells, but 
the other secretory elements of the g.astric 
mucosa as well, i. c., the peptic cells, the 
chief colls and the surface epitliclium 
cells.* The mechanism of its action, 
unlike hbtainine, is indirect. The hypo- 
glycemia produced by insulin in the neces- 
sary dose .stimulates the vagal g.astric 
secretory centers in the brain. From this 
fjoint impulses arc transmitted down the 
gastric secretory fibers of the vagus nerves 
to the giistric glands.’ Tlie secretory 
reapom-e cm be alwlisheti by nosing Uic 
blotKi sugar to normal levels with intra- 
venous glucose. The adnun’t-tnition of 
atropine or section of the ’.-ngtrs nerve 
supply to the stomach will likewL-e pre- 
vent tlie rtspome.’ Ttii-' hatter ob-erva- 


tents through 1 lumen and ga.stric content 
through tlie otlier provided practical^' 
pure gastric juice. The samples were 
fractionated in 1.5 minute periods and 
after 1 or 2 foreperiods, 20 unit.s of insulin 
were injected intravenou.sly and the te'f 
continued for 2 hours. In normal .^'d- 
jects there occurred a sudden and etin-id 
eralilc increase in secretion witliin aiipreu- 
niatciy I hour following the injection. In 
those with low secretion e;tfes it w.v 
delayed to 4.5 to GO minutes. I hi' ni;.- 
mentod secretion wa.s absent in aelii!'-- 
The norma! stanrlard was taken a* 
secretion of 100 to 200 ec. in f’A min'O’ 
from tlie onset of respon-e, I'igtir*-' « ‘"•J 
and below these limits reproeni's! h}i'- 

and liyiiojccretion re-p'Ctively. Iht'*. 
after iiistainine, there i^ an over, q.' * 
distribution of v;diie> b''tv.<"n 
and ulcer. . . 

('ntTfinr. This x.inthifi'* i- a -t! * • 


to gartn’e secretion in man 


5' },> f! re- 


mouth or injected intr.i'.* r.'^ 
and [vy’‘ ). Tin- g.i-tr:c hi 
in tn it > adtmni'tr.-.* 

t.'ilively ''hnil-ar to th’t f“' " 
mine jfiin-'b. .\rrf>p'."'' <■ ^ 
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the acid response. The effect of supra- 
diaphragmatic vagal section upon the gas- 
tric secretory response to caffeine was 
studied in individuals undergoing this 
treatment for peptic ulcer. It was found 
that the response was as clearly defined 
after the operation as before and in general 
was less than that produced by histamine 
(Thornton, Storer and Dragstedt”^. 

The secretagogue response to a “caf- 
feine test meal” was compared in normal 
subjects and in “peptic” ulcer patients 
(Roth, Ivy and Atkinson’®*) ■ I** this 

procedure the stomach is emptied of 
residuum and, after a 30 minute “basal" 
control period, the test meal (0.5 gm. of 
cafl’eine with sodium benzoate in 200 cc. 
of warm water) is introduced through the 
tube. The stomach is emptied 30 minutes 
later and at 10 minute intervals there- 
after for an additional 00 minutes. In 
normal and asymptomatic individuals, 
with the exception of those apparently 
having an ulcer predisposition, the total 
acidity output (volume times free and 
total acid concentration) returned to the 
control level within CO to SO minutes. 
Of 3C) patients with “peptic” ulcer all 
but 1 consistently showed a prolonged 
secretory response. This type of curve 
was considered to be of diagnostic value 
ina.smuch as there was little overlap in 
the response of normal and ulcer individ- 
uals, of the kind seen with alcohol and 
histamine. Tlie mrehanism of the pro- 
longed secretory response was considered 
to be due to the .‘synergistic action of caf- 
feine with hist.'iminc which is thought to 
be liberiited by patients with peptic ulcer. 
In a later stvidy employing the same tech- 
nique witli minor modifications, the pro- 
longed n'sponse was found in only -Id Tr 
of tk) ]>roved ulcer eases (Raimondi®’’). 
Rurther study of the respon.se in idccr 
jiatients. noting especially the effect of 
n'mi.ssions. is nm's.snry before the test 
can be granted definite diagnostic value. 

i’nVad. Priswl. the proprietata- name 
for ’J-benryl-5,r>-innda.’:o!ine liytiroehloride. 
was intrv«!iu\'d as a stimulant to gastric 
six'retion in li* 50 (Thiele:*** Staider***^. It 


apparently acts on the parietal cell since 
it evokes a re.sponse qualitatively similar 
to that of histamine. It is administered 
orally (50 to 100 cc. of a 1 to 2% solu- 
tion) or subcutaneously (10 mg.). It is 
more potent subcutaneously (Nasio®®) and 
its quantitative action is superior to caf- 
feine and slightly less than that of hista- 
mine. It apparently causes none of the 
side reactions occasionally seen with hista- 
mine. However, its failure to bring 
about maximum hydrochloric acid secre- 
tion makes it unreliable in the differential 
diagnosis of the achlorhydrias. 

Phmolphtlialcm. The use of this drug 
in a test to determine the presence of 
gastro-intestinal lesions was introduced in 
1938 by “Woldman.*®' The method is based 
on the prineiple that a non-toxic substance 
which is not normally absorbed by the 
gastro-intestinal tract might, through any 
break in the mucosa, enter the circulation 
and be excreted in the urine.***' Phenol- 
phthalein was selected since it had been 
reported that after a small dose of the 
drug to normal individuals only the con- 
jugated form (which docs not yield a color 
reaction with alkali) was present in the 
urine. Free phenolphtlialein was gener- 
ally absent (Ft.ntus and Dyniewicz**®). 
The finding of free phenolphtlialein (which 
yields a pink color on the addition of 
alkali) in the urine was taken to indicate 
a break in the mucous membrane of tlie 
gji.';tro-intcstinal tract. The procedure 
involves collecting the urine obtained at 
2 and -1 hour intervals after the admini.s- 
tration of the test dose (10 ce. of a 1 
alcoholic phenolphtlialein .solution) to a 
fasted individual and promptly testing it 
with 10*^ sodium hydroxide for free 
phenolphtlialein. It was found positive 
in .3-5 of 3.5 patients with ga-'-tro-intcstinal 
lesions and negative in 7.5 of 77 patients 
apparently free of such pathology. The 
test was thought to be valuable in differ- 
entiating between functional and organic 
cli'casc, and in ruling out orcanie lesions 
of the g:istro-intcstinal tract in diseases 
prtKiucing digestive symptoms.*-* The 
rcHatiility and value of ilic tcist were soon 
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questioned. The excretion of free phenol- 
phthalein in the urine vras apparently not 
related to breaks in the gastro-intestinal 
mucosa, but to the urinary concentration 
of the conjugated form. Whenever this 
concentration rose above 5 mg. % in any 
one specimen, free phenolphthalein ap- 
peared (Steigmann and Dynicwicz”^). 
Other reports concerning the test's inac- 
curacy soon appeared. Many false posi- 
tives occurred, particularly in individuals 
■with blood dyscrasias or cardiovascular 
or infectious disease (Kremer, Shore and 
WieseP®). Its results were inconstant 
when repeated in the same individual 
(Nothin, Kirsch and Albert®-). It was 
ineffective in determining the presence or 
absence of tuberculous ulcers (Siltzbach 
and Nayer’®’) and gave variable results 
in experimentally produced ulcers (Slut- 
zky and Wilhelmj”®). In 1 study (Le Vine 
and Kirsner'®) the "negative” error in 
those with gastro-intestinal disease was 
3S% while the “positive” error in those 
apparently free of such pathology was 
46 %. The test is obviously of no clinical 
%'alue. 

Hydrochloric Acid. Tlic observation 
that the introduction of hydrochloric acid 
into the empty stomach of nicer patients 
will produce the typical epigastric distress 
of an active lesion has been made the ba.si.s 
of a diagnostic test for this disorder (Pal- 
mer*®). The test is performed ijy empty- 
ing the stomach and introducing 200 cc. 
of 0.5 of the acid. If no pain occurs a 
second 200 cc. do.se is given 30 minutes 
later and, if necessary, a tliird 200 cc. 
do.se at the end of the hour. The patient 
is obscrvcil for hours and the te.-t is 
considercti negative if typical ulcer <lw- 
tress is not reproduced during this time. 
The test was usually po-itivc in ra-es of 
gastric and duodenal uli-er and in w rtain 
cases of gastric carcinoma. It was nega- 
tive in all exmdilions not .n'-oci:ite<i with 
an ulccnitive Ksion of tie- stomach or 
adjacent diiorlemim. pe^itive tf-t w.i- 
found to have greater fiiagno-tic s,; 2 ir!C,- 
cance than a neg-.uive orv. In a im-re 
recent study tfw test was niMifeti to 


increase its objectivity (Rusld®®). Thb 
procedure involved giving 200 cc. of 0.3 q- 
HCi, emptying the. stomach 15 mimitis 
later and, after an additional 15 niimitfs, 
introducing 200 cc. of a 2rr solution of 
sodium bicarbonate. Tlie accuracy of 
the test was increased by the fact that 
the patient was unaware of the e.'ipcctod 
characteristic response to each of the 
liquids in the presence of an ulcer. The 
procedure was found to he q\iite accurate 
in the differential diagnosis of ulcer from 
functional gastro-intestinal disturhaneos. 

The physiologic factors wliich lower 
intragastric acidity in man are of ollviou^ 
clinical importance. This acid re<!iictioii 
is brought about by the neutralizing ofTfct 
of mucous and duodenal juices, and hy 
dilution by ndmi.xed s!jl>.stancc3. A quan- 
titative test has been devised to estimate 
the extent to which these factors are at 
work (Appcrly and Cameron'), ’ihe 
method involves performing a fractional 
analysis using 250 cc. of 0.4 Vr HCl as the 
test meal. The rate of reduction of acid 
concentration in the .succeeding fradmn-- 
w.as taken to he a measure of the rate of 
neutralization. It is the impression of 
several workers that this “acidify redm'- 
tion test,” as it is now known 
and Cameron®), possesses greater iliagt'" ■ 
tic value than tlic routine fr.’ietion.d U-: 
meal, particularly sirire it jmodiicfs mere 
tiniform results (Hollander and I’enri'd ■. 

Flnorr.ocnn. This dye ini' i>een apph'd 
in a test for /Jeiermining the vi.'diihiy " 
the howel (Herrlin, GIo'-'T !iiid Lnn.v, 
Boyd and I.«’mge'-). It i- imn-fotie t ’ 
the requirefi do'-f-,. The terho’qn'’ 
volv«-s the rapid iiitriueiiou-. itij";!'>o <. 

.*> to (t cc. of a '■olutioii of H’l''’’ 
tn which .'•/Miiiim hicurlKUiafe 
added to make a solution, v.h' ' •' ^ 
qm-stionahie IfKjp of teiwel l< e 
under a dark fjfrrp!'- light- 'It.'* 1 

duec' a f h.'traeScn •!!'• gu'd- a gruo • 
nation of ordy fii'i*-'* af.'. "f I'*''' ' ' . 

eiently ^uppli’-'f v. ith fi!<«>'l -V' 

arc out of < ireiil.itj'i.'j r< oi vr> ^ 

th‘* s>'gin'':>l“ irr>'i' flit'’' !;■' '’''4 
m.'irked!*.' dimirn ‘ 
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possibility that the marked changes noted 
in the bowel could to a great extent be 
due to prolonged reflex vasospasm sug- 
gested the use of a combined procaine 
and fluorescein test. A 2% solution of 
procaine hydrochloride in doses up to 
10 cc. xvas injected along the vessels 
leading to a strangulated loop. A return 
of normal color, peristalsis and fluores- 
cence indicated restoration of the circula- 
tion. A follow-up of patients subjected 
to this procedure has confirmed its value. 

Fluorescein is readily adsorbed onto 
ulcerated areas and develops a greenish 
fluorescent sheen. This observation was 
employed as an aid to gastroscopy. Ten 
cc. of a 1% solution introduced by tube 
produced a satisfactory fluorescence of 
ulceration over peptic ulcer and carcinoma 
(Robinson®®). 

Barivvi Sulfaic. The use of this opaque 
substance is standard in the roentgeno- 
logic examination of the alimentary tract. 
Various modifications of the usually em- 
ployed mixture and its mode of adminis- 
tration have recently been e.xplored with 
a view toward increasing its diagnostic 
scope. An opacpic meal modified by the 
addition of gum acaeia, cocoa and sugar, 
in specified proportions, permitted the 
simultaneous demonstration of the internal 
gastric topography together with most of 
thega.st ric contour (RendriehandPoppel®®). 
It makes possible a study of the mucosa 
in a state of partial distention. In this 
re,si)ect it is superior to the double con- 
trast method which often produces dis- 
tention with ironing out of the rugal folds 
and «liininution of mucosal relief. The 
modified opatiue meal is especially usefid 
in distinguishing between large benign 
and malignant ulcers on the lesser curva- 
ture. It is also of value in the early 
diagnosis of gastric pathology, in whicli 
the earliisst changes are usually found on 
the mucosal .<urfacn\ 

Iti another study, after experimenting 
with various mixturt's. it was found that 
a mixture tsmtaining Td gm. of barium 
.Milfate .-mil d gm of gum acacia in 2 quarts 
of water wa,'- mo'.t sati'.fartory in roent- 


genography of the colon (Poppel and 
Bercow®®). Sufficient contrast was main- 
tained and there was adequate semitrans- 
parency to enable visualization of any 
normal or abnormal luminal contents. 
This thinner mixtime tvas particularly 
valuable for study of the colonic flexures 
and sigmoid. It xvas possible to resolve 
component loops in cases of colonic redun- 
dancy xvith relative ease by this metliod. 
Polypi and obstructions were well out- 
lined and the thinner mixture occasionally 
filled diverticuli. When correlated xvith 
pathologic studies it was found that xvith 
this modified mixture the findings on 
Roentgen ray more nearly approximated 
tlie actual pathologic picture than did 
those with the routine thicker mixture 
By introducing a thinner, more dilute 
barium mixture tlirough a duodenal tube 
directly into the small intestine, a better 
morphologic study was obtained than wdtli 
any other available method (Schatzki*®0- 
By observing the actual filling of the 
loops it was possible to judge better the 
e.xtent and relationships of a lesion. 
Fistulre and cicatrizing enteritis xvere fre- 
quently recognized as the barium spurted 
through the area of maximal narrowing. 
This method, using a fluid barium mi.xture, 
can be used to examine the ileocecal valve, 
cecum and ascending eolon in instances 
where use of tlie barium enema is impos- 
sible or unsatisfactory. 

The gastric emptying time was recently 
determined in 09 liealthy males by the 
frequent fluoroscopic visualization of the 
stomach after administration of a test 
meal of cooked cereal mixed with barium 
sulfate. The mean gastric emptying time 
was 2.13 hours. The extremes ranged 
from 1.0 to 3.3 hours. Despite the un- 
physiologic nature of barium, it was felt 
that this method was preferable to fre- 
quent aspinitions of gjistric contents 
(\ an Lierc and Xorthup"®). 

(iaiadosc. Tlie spcetl of intestinal ab- 
sorption in man c:in be tested by the 
galactose tolenmcc test CAlthausen*). The 
te.'t deiH-nds on the fact that th'is .=ugar, 
which is normally not found in the blood. 
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is rapidly absorbed into the blood stream performing the test a dose of 0.75 mg. of 
■when taken by mouth. The principle of pure secretin per kg. is injected intraven- 
the test involves determining the amount ously. A double-lumen tube with one 
present in^ the blood at various intervals end in the duodenum and another al>out 
following its administration. A dose of 10 inches higher in the stomach serves 
40 gm. of galactose in 400 cc. of water is for tlie collection of specimens during .n 
given after an overnight fast and blood period of 1 hour after the injection. Tiie 
samples are tested quantitatively for gal- curve of increased secretion rises to a 
actose 30 and 60 minutes later. In nor- peak in about 10 minutes and falls off 
mals, the highest peak varies from 13 to gradually’ to the basal le\'el in about 
30 mg. per 100 cc. Values below 10 and SO minutes. Simultaneous with the ri'C 
above 40 mg. were taken as abnormal, in volume of secretion there is a fail in 
They were found to be greatly increased the concentration of the enzymes; secretin 
in hyperthyroidism and decreased in myx- has little or no influence on the scert- 
edema and Addison s disease. In another tory activity of the gland with rcsiH'ct 
study tlie galactose absorption test was to enzymes. 

applied to various diseases in which im- In the majority of instances the devia- 
paired absorption is suspected (Beams, tions from the normal apparently as.-iiini'- 
Free and Glenn”). It was found to be 1 or the other of 2 characteristic patterns 


subnormal in pellagra, non-tropical sprue, 
pernicious anemia and others. Galactose 
absorption also decreases with age (Meyer 
ci The significance of this procedure 
has been questioned as a test of absorp- 
tion since changes in blood concentration 
may be due to changes in utilization, 
storage and excretion (Miller"®). The test 
is of questionable value in the presence 
of liver disorders. Since galacto.se is 
metabolized exclusively by the liver, high 
blood values occurring in the presence of 
liver dysfunction arc more apt to be due 
to deficient utilization than to incrca.'jcd 
absorption (Bockus”). 

Paxcriutic Fenctio.v. Sccn-iin. This 


(Lagerlof,®® Comfort®®). In the first typ’ 
there is a hyposccrction of amyln'C witfi* 
out disturbances in secretion of the other 
components of the juice. This dis.'^oci.'itisl 
response is usually o!)tninc<l in acute p'Ui' 
creatitis. However, it docs not npjx’at 
until at least G days after the on.'-et of the 
illne,ss. The secretin test cannot, thfre- 
fore, be substituted for blood and urinary 
enzyme determinations in the early di.u“ 
nosis of this flborder. The second typ' 
c.\'hibits a non-<Iis\socialcd iiiiFi-'tiniK'nt et 
function. There is a .smaller rt-qKin ' 


ith respect to the volume of .■■een tia.i 
; well as its crizvrne and bie;iriK>n.ite c<n- 


rr»t 1 • » . . 


protein substance was isolated in pure 
crystalline form in 1933 (Agren®) and was 
soon thereafter appliwi as a mctho<l of 
revealing the functional .‘state of the pan- 
creas (.Agren and I^igerlof;' Agren, Hager- 
lof and Bcrglund®). The ba^is of the 
method involves Uic ma.ximal .'•timulation 
of the c.xternal secretory mech;ini-m of 
the pancrea-s anfl the quantitative study 
of its rcspon.-c (Diamond and Siec*-!-®). 
The total amount of panereatic juice, tlm 
bicarlwnate content and the rontent of 
amv!a.^e, trypdn and !ipa-e arc det»Tmin«-<l 
for" the normal individual, and d<-vi.-!tion 
from the nonn.al a‘ a rm'an- of 

detecting dl-orrler of th- pancr-a... In 


nlTected while the .secretion of enryra^'' 
may vary considerably depending on t. 
amount of tis-.uc destnietion ^ nr,i! t. 
degree of <luet oijstnietiori. nii' ' 
re^pon.'C Is usually ob-er.'ed in i" ' 
or fibrod.s of the panerra-.®’ in i 
pancreatitis,® ami in p.ifnri.itic dni . ' ^ 
‘■tmctifin,®® In this l.a-t di o.ol-r fi-' 

lime rt"-psni-e i, negligibb'-®’ F ’(-'i 
i-, ab'ent it c.m ie* a-'Urned tint ' v i 
af the etlerii.d piner>oi:'’ ‘ ^ 

ximjdete.® 'rfj' re if -orn'- if'l ' 

:h<* amount of bir-::rl>e)n'sfe '''► * ’ 
nga te-t p-Psl '* r'. e a n '* 
ndseafor f«f par.rrrj:!'' d> ‘ ■ 

h/'-i tl.'- < f..”-'. ru'* njntrr.t- 
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The secretin test has yielded inconstant 
results in pancreatic carcinoma. In 1 re- 
port of 5 proved cases, the volume, alka- 
linity, and concentration of enzymes in 
the stimulated secretion were greatly re- 
duced in all (Pratt®*), while in another 
study several cases yielded normal values.®® 
The response to secretin is apparently 
determined by the location of the malig- 
nant process in the organ (Pollard, Miller 
and Brewer®®). Abnormal values were 
obtained when the lesion occurred in the 
head of the pancreas and normal values 
when located elsewhere. 

In pancreatic fibrosis secretin fails to 
stimulate pancreatic flow (Maddock, Far- 
ber and Schwachman;"® Philipsborn ci 
A significant volume response, 
therefore, rules out pancreatic fibrosis re- 
gardless of how little enzyme activity is 
found on duodenal drainage.®^ The di- 
minished volume and trypsin response in 
pancreatic fibrocystic disease differentiates 
it from chronic nutritional disturbances 
and celiac disease."®-®^ In steatorrhea the 
lipase response is deficient thus differen- 
tiating pancreatic steatorrhea from sprue 
(Diamond, Siegel and Myerson*®). 

The secretin test serves as a means of 
testing pancreatic involvement in cases of 
gall bladder and liver disease.®® 

Acctyl-bda-mdhylcholinc Chloride. The 
use of tliis drug (mecholyl chloride of 
commerce) for testing pancreatic function 
is based on the fact that it is a stimulant 
to pancreatic enzyme secretion. In con- 
trast to secretin which tests the humoral 
mechanism, this substance explores the 
vagal mechanism of pancreatic secretion®* 
(Comfort and Osterberg®'). A subcutane- 
ous dose of 15 mg. of acctyl-bcta-methyl- 
cholinc chloride provokes a secretory re- 
sponse characterized by a small increase 
in volume, no significant change in hydro- 
gen ion conct'iitration. anil a prolonged 
incn'ase in the concentration of enzymes. 
The procedure is carriixl out in a manner 
similar to the secretin test. In acute 
pancreatitis the characteristic dissociateil 
rt'sponse which followed si'cretin stimula- 
tion is al.so seen after stimulation wiili 


acetyl-beta-methylcholine chloride. Mith 
pancreatic tissue destruction and pan- 
creatic duct obstruction there occurs a 
drop in both volume and enzymes to below 
the normal range. The chief value of this 
drug in pancreatic study is that it permits 
a more complete study of enzyme secre- 
tion than is possible with secretin. 

Acetyl-beta-methylcholine chloride com- 
bined with secretin or eserine sulfate may 
produce changes in the serum enzymes that 
are dependent on the state of the pancreas. 
This fact has been applied as a means of 
evaluating pancreatic function (Popper 
and Necheles;®' Popper, Olson and Nech- 
eles®®). A eombination of acetyl-beta- 
methylcholine chloride and eserine sulfate 
injected subcutaneously into the e.xperi- 
mental animal produced a rise in serum 
amylase and lipase in the presence of a 
normal pancreas, but not if the gland was 
atrophic.®* When acctyl-bcta-mcthylcho- 
line chloride and secretin were used as the 
stimulant there was no change in serum 
enzyme levels in the normal animal, but a 
rise in scrum lipase occurred with obstruc- 
tion of the pancreatic duct.®® The sug- 
gestion is made that the latter test might 
be successfully applied to human subjects 
for the diagnosis of such disorders as func- 
tional insufficiency, chronic pancreatitis 
or pancreatic fibrosis. 

G.m.l Bladdeu Fun'CTIOX. Srerdin. 
The gall bladder normally stores the bile 
secreted by the liver with the result that 
duodenal juice may be collected sub- 
stantially free of liver bile. If the gall 
bladder fails to function, bile contami- 
nates the duodenal (pancreatic) juice. 
This has been made the basis of a test 
for gall bladder function (Diamond, Siegel 
and IVIyerson®*). A tube is inserted into 
the duodenum and samples of juice arc 
collected at 10 and 20 minute periods for 
SO minutes after an intr.ivenous dose of 
secretin which causes a discharge of bile 
from the 1 iver (00 to SO cc.). The samples 
arc tested for bile by the icteric index 
mcthixl. In tJic normal, the samples 
become free of bile 5 to 10 minutes after 
the injection, in common duct obstruction 
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they remain free of bile, in a non-function- depending on the patient's weight. Tin* 
ing gall bladder thej' remain strongly incidence of nausea, vomiting and fliarrlu-a 
contaminated^ with bile. This test may is not significantly different for the 2 
help to establish the presence of a normal methods. 

gall bladder when tlie failure to concen- Several factors influence the degree of 
trate dye may suggest a pathologic organ, visualization of the gall bladder widi 
Magnesinm S^tlfalc. In the diagnosis contrast dyes, namely the mode of admin- 
of gall bladder disease it is often necessary istration of tJie dye, its absorption, tiu’ 
to stimulate the gall bladder to contract dosage, the function of the liver in e.xcrei- 
and study the ability of the gall bladder ing the dye, the ability of the gall bladder 
to empty. Magnesium sulfate in a dose to empty and hence to fill (So.‘;nian"-i. 
of 30 cc. of a saturated solution causes the function of the gall bladder in emt- 
the gall bladder to contract and the centrating tlie dye, and a normal .sphine- 
sphincter of Oddi to relax. The effect is ter of Oddi mechanism (Fcldmnid''). From 
similar to that of egg yolk but is less a studj’ of a large group of ca.-^cs with 
marked. The mechanism of this action sodium tetraiodophcnolphtimlein, it w:i> 
(Boyden, Bergh and Layne'®) is probably found that the intravenous metliod (nixnit 


hormonal, the magnesium sulfate being 
absorbed, causing the formation of a 
cholecystokinin-like substance. 

Sodunn PliemUctraiodopldhalein. This 
substance (iso-iodeikon of commerce) is 
a cbolecystograpliic agent. It is preferred 
to sodium tctraiodophcnolphthalcin for in- 
travenous use (Gniham, 1930) because it 
stains the blood serum and its retention 
can be used as a liver function test while 
it.s appearance in the gall bladder serves 
as a contrast medium. A do.se of 2.5 gm. 
in 5^c solution is slowly injected intra- 
venously by gravity and a sample of blood 
is taken 30 minutes after the midflic of 
the injection period. A retention of 50';. 
or more has been eon.siflcrcfl a poor f)pcr;i- 
tive ri.sk (Graham). The value of this 
combined test is doubted from other c.x- 
pericnecs (McIntyre'*). Several ca.ses of 
.>;cvere reaction also occurred dm' to sy.s- 
teniic action and locjilly from tissue 
infiknition. 

Sodium Trlralodo})hrno!ph(hn!r{n. Till'! 
dye m.iy be iisef! ffir either oral or intra- 
venous rliolecy.Ntogniphy. ,\ttfntion h:i^ 
bwn paid to increa-tfl do'^age and double 
dose ond tt'cfinifpics os mean- nf ineroa— 
ing the fiemity of tlu- ."hailow afti-r tefru- 
irKlophenolphthah'in. I)o-.agf .-a'rns to !>•• 
the deciding factor (Feldtn.nir*;, .-ince if 
it i< large ejKaigJj, tii- .-liadow i- tlm .vime 
whether the r.>n!p>:jnd is i.ak.-n .at on- 
iSme or in 2 fection-, m>rii 0 to 12 grn. 


3 gm. in 400 to GOO cc.) and tiic dmihii' 
dose oral method (4 gm. in dose repeatn! 
24 liours later) gives a liigiier ineiflemc 
of visualization tiian the single oral dc-'’ 
(DcLor c( air'). A gall iilndilcr which 
is not visiializcfl !>y tlie former 2 tests i- 
pathologic. 

In the small percentage of ea.''e,s in whirh 
the rotitine IS to 24 iiour .study with 
.single, double anil triple dose taetlimb 
fails to reveal, or only faintly faitlines th*' 
gall bladder, an intensified prnredure la-t- 
ing 42 to 4S honns may .succeed in vi-ii.!!- 
izing the gall idadder. A prolonced p' ro*! 
of five concentration is apparently 
sary in some instanet's (Felfin>an’’j. lb 
performing cholecystography ju-t jirior t" 
.surgical removal of the gall filadd'-r it 
pos--ii)!e to eorrehite tiie ilea-itv <d 
shaflow with the iofline content of it"^ h 
f.Toffe ami \Vaeh«w.'.ki'’‘P rfin <»'!!* ra- 

tion of at least 0,2.'>'.,' ('J.'i mg- 
per grn. of bile) w.-e; necc-'.-iry for -a'"- 
visualization, with 0.39 afi'i 0 t ''' 
s.ary for inotlerate and <!'(!-'■ -I'''’’ 
n-'fiectively. 

/Vi'f/'htr. I’riodax is e. pro, or:' ‘--r;- f ^ 
for l»''tn-f4-hyflro.xy2{,.V-(i;-o)d''pi ' r .• • 
fdph.a-phetiyl propriotiic .a } '’ ! ■ - 

thin ti'Cfl in ora! f hol'ct 'togr.-p*-; 
f>-'-r'',l. 'Ilie ll'il.'d proen!ii.->- ^ ^ 

total do-f fif 3 gtii. t.-.len nffrr n " 
'n{ij.-'r .nr.'i a r'-.y ^ ' 

I.st»T. Ti.'- gm fl'r 
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always suitable, particularly in cases with 
borderline shadows. A 4 gm. dose was 
found more likely to give a satisfactory 
shadow, and has been advised for routine 
use (Collins and Golden^-). In another 
study the drug was given by single 
(3 gm.), divided (3 gm. total) and double 
dose (3 gm. each after lunch and supper) 
technique.s. A comparison of these meth- 
ods indicated the single dose method as the 
one of choice (Vaughan and Eichwald’-®). 

Priodax is excreted in the urine (Junk- 
mann®’'). This accounts for the burning 
on urination seen in approximately 4% 
of patients taking this drug." It is inad- 
visable to use priodax in individuals with 
impaired renal function, particularly when 
accompanied by nitrogen retention (Ochs- 
ner**^). In a preliminary study of kidney 
function, there was no evidence that the 
drug causes kidney damage.-- 

It is uniformly agreed that the greatest 
advantage in the use of this drug is the 
absence of opaque material in the colon, 
particularly the hepatic flcxure.’"--'-"''-- 
The impression of many observers is that 
priodax produces shadows that are at 
least equally as good if not better than 
those obtained with tetraiodophcnolphtha- 
!ein.‘'’“ A surgical follow-up of lloentgcn 
ray findings with priodax in a large scries 
indicated its diagnostic accuracy to be 
over 11(1 G- This compares favorably with 
tctraiodophenolphthalcin (Hefkc'^')- 
The most frequent toxic symptoms 
seen with priodax arc nausea, vomiting, 
diarrhea, abdominal eninips, headache, 
burning in the throat (local effect) and 
burning oti urination. In general they 
are very mild .and pose no hazard to the 
patient (l)annenberg^’'1. The drug is 
eonsideriHl less toxic than tetraiodophenol- 
jihthalein (Marshall"’), 

'Phe gall bladder emptying time in re- 
spon>e to ;i fat meal i^ slower with the 
prioiiax-fllhai vesicle than with tetraiodo- 
phenolphthalein. Phis is of some imjxw- 
tanee for in failing to contract <lo\vn to 
the small sirtsi partially fillial vi-siele ob- 
taiiuai with teiraiodopheiiolphthalein. a 
di>-tinetion betwtvn gav shadows and small 


opaque stones cannot as readily be made. 
In addition, the rapid and vigorous re- 
sponse to a fat meal by the tetraiodo- 
phenolphthalein filled vesicle may permit 
visualization of jthe hepatic ducts and 
its radicles. This may aid in the diagnosis 
of biliary dyskinesiti. Priodax on the 
other hand appears to hinder gall bladder 
emptying and visutilization of the ducts 
(Copleman^"). 

Epilepsy. Pifressin. The fact that 
water retention tends to precipitate epi- 
leptic seizures in a susceptible individual 
and the fact that pituitary extract pro- 
motes water retention by its antidiuretic 
action have been applied in a diagnostic 
test for epilepsy (Blyth’^). It is particu- 
larly applicable to such cases in which 
the diagnosis is difficult because of infre- 
quent spontaneous seizures, or because of 
the need for differentiation. The test 
takes 72 hours or less. The subject re- 
ceives abundant water until his weight 
increases by about 2%; usually in about 
48 hours. Pitressin is then injected intra- 
muscularly in an initial dose of 0.2.5 cc. 
and in 0.5 cc. doses every 2 hours, and 
300 cc. of water orally until a con\'ulsion 
is produced. It is rarely necessary to 
give more than 10 doses. In a series of 
87 adult cases, the subsequent course cor- 
responded to the result of the test in 
8G.G % of the tests. Others also report 
the test to be of diagnostic value.”-^--^’ 
The procedure is not without danger and 
deaths cluring the test have occurred. 
Autopsy re\-caled marked cerebral dam- 
age.“-'® It is suggested that these might 
be avoided by reversing the process of 
water retention as soon as a convulsion 
occurs by rapid dehydnition with intra- 
venous liypertonic glucose solution and 
mercurial diuretics. 

Mdraznl. The fact that ejiileptics have 
a lower convulsive threshold to centnd 
nervous system stimulation than do non- 
epileptics h.as bevn made tlie ba^i- of a 
diaguoslie te^t for epilepsy (.hiU''’). The 
tisst involves the intravenous injection of ,3 
to G re. of a 10''; solution (3fVl in GOO mg.) 
of metrar.oi, and the oixairrence of an cpi- 
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leptic seizure soon tliereafter has been 
taken as proof of susceptibility to epilepsy. 
The majority of seizures occurred Avithin 
1 minute following tlie injection. In tliis 
study the occurrence of convulsions in 
non-epileptics was sufficiently frequent to 
render the test of doubtful value. In 
another report, seizures occurred in 87 % 
of tlie epileptics and in 36% of the non- 
epileptics.*'’ Otliers, hoAvever, have re- 
ported the test as reliable (Goldstein and 
Weinberg^®). 

Myasthenla. Graa'is. Ncosiigviinr. 
The fact that parenteral neostigmine pro- 
duces striking relief of tlie cliaracteristic 
muscular Aveakness of myasthenia grnvis, 
has led to its application in a diagnostic 
test for this disorder (Sclnvab and Victs;’®® 
Viets*-'). The procedure inA-oh-cs the 
intramuscular injection of 1.5 mg. of neo- 
stigmine methylsulfate, to which 0.6 mg. 
of atropine sulfate has been added, and 
tlie observation of the test response at 
10 minute interA-als for 1 hour. Rapid 
improvement in the subjectiA’c, and par- 
ticularly tlie objcctiA-e sjmiptoms of this 
disorder, c. g., ophtlialmoplegia, dysarth- 
ria, dysphagia, facial paral.vsis and general 
A'oluntary muscle Aveakness, is diagnostic. 
Little or no response to the test dose 
rules out myasthenia gravis. A system 
of scoring the subjective and objcctiAx 
improA-ement has been dcvi.scd.*®® The 
test is of particular A-nliie in the obscure 
case of myasthenia gruA'i.';, and in tlic dif- 
ferential diagnosis from disorders simu- 
lating it, c. g., progressive muscular dy.*-- 
trophy, p^ychoneurosis and fatigue states, 
multiple sclerosis, cranial ncrA'c palsie.s, 
etc. The test is con-idercfl to he almost 
100% reli.ihle.'''''-' Numerous studies 
haAC eonOrniwi its nreuraey (HarAey and 
Whitchill,*' Tiiorner and ’^'.•iskin.'” Gam- 
mon and Selicie'^). rno<iincatinn of the 
test h.is l^cen e.Aploreil with a A-iew to 
increa-'ing its ohj'-ctii ity. The rt'^pon.-e 


of tlie jiharyngeat inii-r!'-. to n'-^.-tiginine 
Av.i^ studi-sl hy roentc’-no-cop'c exarnin »- 
lion of the pli.AryriA after irm'-^tion of .a 


lirpiid h.-.rtuin inttture. In-, 
the mu'c!:-- ’''■as it; h'v.tfii 1% 


i-r.'i**! 
ret»’r.ti' 


:it 


the mixture in the pyriform sinuses in 
excessive amounts. On reexamination of 
the pharynx 15 minutes after a test dose 
of neostigmine, the ability to swalloiv hnd 
returned to normal in myasthenia gravh. 
It failed to return Avhen due to other 
causes, c. g., progressive bulbar palsy, cte. 
(ScliAvab and '\’iets'®*). 

Quinine. The fact that quinine nggra- 
A’ates tlie muscular Aveakne.ss of niyns- 
tlienia graA'is, in contrast to the beneficial 
effect of neostigmine, has been appliwi in 
a combined test to those obscure cases of 
myasthenia graA-is in Avhich the neostig- 
mine test produces an cquiA’ocal respon-e 
(Han-cA' and WJiitchil!;“ Eaton”). Quin- 
ine sulfate given in 2 doses, each O.tu gin., 
2 hours apart, produces a Aveakening clTrct 
Avitliin 2 hours after the second do«c in 
an individual AA-ith this disorder. .After 
aggraA'ating the symptoms, the beneficial 
response to neostigmine is more cicarb' 
dcfincd.“ 

Curare. PatientsAvith myasthenia pravi< 
arc more sensitive to curare than are nor- 
mal indiA'iduals. .Approximately otic- 
tAventicth of the dose necessary for iniM 
generalized enrarizatinn in normal in<h' 
viduals is effective in producing th" 
response in myasthenics (liennett and 
Ca.sli'-). In the questionable (xu-e, nirar' 
in a dose of O.O.'i ing. per kg. of I'Cxh 
AA-cight injected intravenously oAcr a 1 
minute period Avill producea p-'.ik re-pan-^ 
Avithin 2 minute,s folIoAA-ing the inj''eti'>"- 
•A po>itiA'e test n-slionse i-' indicated b; 
nggraA’ntion of the already prr-ent my- 
thenic symptoms. ^Iie re.ictiori i' tr.- 
minatef! AA-ithin 2 to ,'t mitiut<-i by r.n- ti.- 
mine methyl-ulfate (l.’> ing- J and r.ii ae-.,' 
i-ffects of curare cft-appi-ar w ithi.'i c. /" ' '' 

Tlie ilo-e of curare « mjil'iA f d i' in' ‘ 
in prrx!iulr;g eiirnri^iAtiori in oth'-r c- • ' • 
di'Order'. e. r., {lo-t-eriei phah'ta' J n ' 

• t ' * f '■***' 

som-Mi, [I yrfion* tiro ;-, fO-, a- '• 

fo.'e, mb", out '-mb condjUf''.- '■ 

In;!,-tni!'!i a-, n-ltfer ti,- ff* ' " 

■ , 

nir.Are ti-'t- :sr<- cnti-'.A- 

'■r.'-e < itl.er may pr<t r'-,-- 

cri it :■ tnidvi-ib’'- to r--' "t t ' 
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until after the neostigmine test has failed 
to give the necessary information. 

Pregnancy. Neostigmine. Premen- 
strual uterine hyperemia appears to be 
associated with acetylcholine liberated in 
response to estrogen stimulation. It was 
suggested, therefore, that the potentia- 
tion of naturally occurring acetylcholine, 
by means of the eholinesterase inliibiting 
substance, neostigmine, might be effective 
in inducing menstruation in those cases 
of menstrual delay due to lack of vascular 
response, and ineffeetive when due to 
endocrine dysfunction or pregnancy. The 
failure of neostigmine to initiate menstrual 
flow in the experimental animal when 
delay was due to early pregnancy, indi- 
cated its probable safety in human appli- 
cation. On this basis a pregnancy test 
was devised (Soskin, Wachtel and Hech- 
ter”'). The procedure involves the intra- 
muscular injection of neostigmine methyl- 
sulfate (1:2000) in doses of from 1 to 3 cc. 
on from 2 to 4 successive mornings. The 
failure to menstruate soon thereafter is 
taken to indicate pregnancy. The test is 
applicable only where the menstrual his- 
tory has been normal up to the last period, 
c. g., cases of “nervous” amenorrhea or 
pregnancy. The test is not suitable where 
there have been menstrual disorders due 
to endocrine imbalance, local pathology, 
or organic disease elsewhere. 

In a study of 23 women in early preg- 
nancy, and in 25 with delayed menstrua- 
tion in which pregnancy was ruled out 
by other nictliods, including tlie Friedman 
test, the neostigmine test yielded a cor- 
rect result in every case. It compared 
favorably with the Friedman test.”' Nu- 
merous studies followed the original report, 
with most workers using a 2 cc. dose of 
the ilrug on from 1 to 3 successive morn- 
ings. In most instances the test was re- 
port ctl .as l>cing close to 100 <7 accurate 
and as reliable as the Aschheim-Zondek 
and Frinhnan tests.^' " ""' ” In I n'pori. 
however, iliscrepaneies in both positive and 
negati\ e ri>ults wert' obtaiiie<i. and atten- 
tion was c.dlexi to the tlangor of inducing 
.abortion with nmuiginine (Winkelstcln’-^). 


Another disadvantage exists in the fact 
that it is not ahvays possible to rule out 
the many factors such as local pathology, 
endocrine disturbances, and other dis- 
orders which may be the cause of a missed 
menstrual period (lYeisman'-^). Inasmuch 
as bleeding in several instances of preg- 
nancy have occurred with tliis test,'-® the 
risk of abortion that goes with its use 
seems unnecessary, particularly since such 
accurate procedures as the Aschheim-Zon- 
dek and Friedman tests are readily avail- 
able. 

Chorionic Gonadoirojnn. The absence of 
the chorionic gonadotropic principle of 
pregnancy urine in the non-pregnant 
woman suggested tliat she might react to 
its intradermal injection, while the preg- 
nant woman, already possessing it, would 
not. The procedure involves the intra- 
dermal injection of 2 minims (0.12 cc.) 
of this substance (antuitrin-S of commerce) 
into the forearm. A reading is taken I 
hour later and if a slight reaction is present 
it is read again at the end of the hour. 
The positive reaction is taken as an area 
of erythema around tire injection site 
measuring 7 to 40 mm. It has been con- 
cluded that the test is more sensitive than 
the Aschlieim-Zondek test (Gilfillcn and 
Gregg”), although the controls seem to 
be inadequate. The evidence of carefully 
controlled studies (Schneider and Cohen 
Hadlc}’^) leaves no doubt that this test is 
unreliable. 

Placaiial Extract. The suggestion that 
the placenta may produce a protein-like 
foreign substance which, when used :is an 
antigen in the non-pregnant woman, will 
produce an allergic reaction, was applied 
as a lest for pregnancy (Gruskin''). One- 
tenth ce. of tlie antigen is injected intra- 
dermally and in po-^itive cases a slight 
area of inflammation with pseudopodia 
appears. In pregnancy no such reaction 
appears.'- The test was thouglit to be of 
great value vhere a quick diagno.-is w.as 
nectivsary, as in the differential diagnods 
of ectopic pregnancy from otlu r condi- 
tions simulating it. In .anotlier .-uidy 
(Schwartz* ‘I, the test was found to be 
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(■(irrcctly positive in IK)',' nf tlic jjrc^iiant hypersensitivity are .'•oiirces of error. Also, 
anil !)()',, of the non-])re};nant women, e.vperienee in interj)reting .skin tests is 
nistnrlied endoerine function and allergic necessary.'"' 
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Until recently it was often considered 
iinncccs.snry to determine tlie exact nature 
of the cardiac abnormality in cases of 
congenital heart disease since nothing 
could be done to alter the anomaly. Great 
advances in tlioracic and vascular surgery 
have changed tliis situation. 

In 1939, Gross and Hubbard"’ described 
the successful surgical ligation of a patent 
ductus arteriosus. In tlic following year, 
Tourofl and Vesell-® reported the surgical 
ligation of a patent ductus arteriosus which 
was tlic site of subacute bacterial endarter- 
itis. The patient was relieved not only 
of the cardiac disability but also of the 
subacute bacterial endarteritis. As a re- 
sult of the success achieved by Gross and 
Hubbard, and Tourofl and Vescll, the 
surgical ligation of patent ductus arteriosus 
was attempted by otlier surgeons and 
proved to be a most satisfactory surgical 
procedure. Ligation of a patent ductus 
arteriosus is recommended not only in 
cases in which patients are disabled by 
the cardiac abnormality but also as a 
measure to prevent or eliminate subacute 
bacterial endarteritis which often is a 
complication. 

In 1945, Blalock and Taussig* reported 
a successful operation for congenital mal- 
formations of the heart associated with 
pulmonary stenosis or atresia. The abnor- 
mality is encountered most frequently as 
one of the components of tlie tetralogj’- of 
Fallot, which will be described later. In 
brief, the surgical procedure consists of 
producing an artificial ductus arteriosus 
by anastomosing one of the subclavian 


arteries, the common carotid artery, or 
tlie innominate artery with one of the pul- 
monary arteries. In this way, an adequate 
pulmonary circulation is obtained. More 
recently, Blalock* reported the results of 
this operation in 57 cases, and this report 
undoulitedly will lead to a more wide- 
spread use’ of this surgical method. 

Crafoord and Nylin,^ in October 1945, 
described a successful surgical operation 
for coarctation of tlie aorta. In 2 cases 
they were able to e.xcise tlie stenosed seg- 
ment of tlie aorta and anastomose 
divided ends of that vessel, thus allowing 
a normal systemic arterial flow\ Later m 
the same year. Gross,* by using a similar 
technique, operated on 2 patients who 
had coarctation of the aorta. Since then, 
Crafoord and Nylin, and Gross have op- 
erated on otlier patients who had this 
condition but tliey have not published 
tlieir results. It seems that this is a most 
logical operation despite the difficulty of 
the procedure. 

Great advances have thus been reported 
for the relief of certain congenital abnor- 
malities of the heart and great vessels. 
The benefits obtainable from these truly 
great discoveries are dependent primari y 
on tlie accurate diagnosis of congenita 
heart disease. The diagnosis of some con- 
genital heart diseases can be made accu- 
rately by properly trained physicians. 
This is shown by the fact that in 
cases in which operation was perform 
for patent ductus arteriosus, pulmonary 
stenosis (especially tetralogy of Fal o ) 
and coarctation of tiie aorta, the pre- 
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operative diagnosis was surprisingly accu- 
rate. The clinical diagnosis of these con- 
ditions is based on history, symptoms, 
localization and transmission of murmurs 
and thrills, the presence or absence of 
cyanosis, circulatory studies, electrocardio- 
graphic changes and roentgenologic ob- 
servations. 

The purpose of this paper is to review 
the roentgenologic diagnosis of those car- 
diovascular abnormalities that are amen- 
able to surgical treatment. Anatomic, 
physiologic and clinical aspects are far 
too complex to be considered in detail 
and will be touched on only as briefly as 
is necessary to explain the roentgenologic 
findings. With regard to congenital heart 
disease in general, it may be stated that 
roentgenologic observations have tlie fol- 
lowing results; (1) They may be of no 
assistance in diagnosis; (2) they may fur- 
nish confirmatory evidence of a condition 
already suspected clinically; (3) they may 
cause doubt as to the tentative clinical 
diagnosis and suggest some other or addi- 
tional congenital abnormality; (4) tliey 
may provide a definite diagnosis as to the 
type of cardiovascular abnormality; (5) 
they may provide useful information as 
to anatomic relations if operation is con- 
templated. 

It is erroneous to think that there is 
such great variety and combination of 
congenital lesions of the heart tliat an 
attempt to make an accurate diagnosis 
is useless.® This impression has been ob- 
tained from postmortem material that 
has included a rather large number of 
newborn infants who have died of con- 
genital heart disease. Infants who die 
of congenital cardiac dise.asc obviously 
have lesions that are incompatible Avith 
life and these liearts are, therefore, greatly 
<listorted. If h^ions that are completely 
ineompatiblc with life are excluded, one 
finds that most cardiac abnormalities .arc 
not extrx'inely complex. In many in- 
st.aiKvs in which the patients have sur- 
vi\‘iHl infancy, a rather accurate estimate 
can be made as to the type of c-anliac 
abnormrdity that l< present. 


SussmanV® classification of cardiovascu- 
lar abnormalities should be useful to radi- 
ologists. This classification is as follows; 

1. Obstruction of the Outflow Tracts. 
(o) Isolated pulmonic stenosis. (6) Aortic 
or subaortic stenosis, (c) Coarctation of 
the aorta. 

2. Intracardiac Shunts, (a) Isolated 
interventricular septal defect. (6) Interatrial 
septal defect, (c) Tetralogj’- of Fallot, (d) 
Eisenmenger’s complex. 

3. Extracardiac Shunts, (a) Patent 
ductus arteriosus, (b) Arteriovenous aneu- 
rysm. 

4. Miscellaneous Anomalies, (a) Posi- 
tional changes in the heart and great 
vessels, (b) Idiopathic dilatation of the pul- 
monar}’- arteiy. (c) Congenital aortic aneu- 
rysm. (d) Aberrant pulmonar}’’ veins, 
usualb' in association with interatrial septal 
defect, (e) Anomalous origin of 1 coronary 
arterj--, which is usually associated with left 
ventricular dilatation and hypertrophy. (/) 
So-called congenital hypertrophy from which 
von Giercke’s disease must be distinguished. 

This classification is not intended to 
include all tlie varieties of cardiac abnor- 
malities that might be encountered by 
pathologists. It does include most varie- 
ties of congenital heart disease that are 
compatible Avith life and it is only AA'ith 
these that radiologists are concerned. 

With regard to the diagnosis of patent 
ductus arteriosus, it may be stated tliat 
in most instances tlie diagnosis can be 
made accurately Avitliout using roentgeno- 
logic methods. The so-called machinery 
murmur and the associatcfl thrill are 
almost p.athognomonic of this condition. 
Roentgenologic examination is used, as a 
rule, to obtain evidence to confirm the 
clinical diagnosis and to help rule out the 
presence of otlier cardiac abnormalities; 
roentgenography and rocntgcno=copy can- 
not alone lead to an absolute diagnosis of 
patent ductus arteriosus. 

Patent ductus arteriosus may be found 
associateil with other c.-irdiac abnormali- 
ties. but many of these combinations are 
not compatible Avith life. It is ctuisidered 
Uiat, in older children and in adults, putenl 
ductus arteriosus b found most fnxiuenlly 
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as an isolatcoJ defect or is nssoeiated witli 
a minor cardiac abnorinaiity. The suc- 
cess of surpical liptiori in many eases of 
patent ductus arteriosus has sul>stantiated 
tiiis concept. 

Tlic experimental work of Ep])inj;er, 
Burwell /md Gross® has shown the elfccts 
of a patent ductus arteriosus on tlie heart 
and circulation, and, to a limited extent, 
roentgenologic observation reveals these 
elYects. They found that -lo to T.o'p of 
the blood leaving the left ventricle enters 
tlie pulmonary circulation by way of the 
shunt between the aorta aiul the pulmo- 
nary artery. As the result of this, the 
left ventricle must pump 2 to -1 times ns 
much blood as the right ventricle does. 
Certainly this must depend somewhat on 
tljc size of the patent ductus arteriosus 
but there can bo no doubt that in all 
instances there must be an increased voi- 
iirnc of blood in the pulmonary circulation 
and an unusual load on the left ventricle. 

Eppingcr and his a.ssociatcs said that 
the iicart is affected in various ways and 
these,have been summnrixod by Donovan, 
Neuhauser and Sosman* ns follows: (1) 
There is left ventricular enlargement as 
the result of a grcatlj' increased output. 
(2) With each beat an increased volume of 
blood passes through the left ventricle 
and pulmonary artery, causing increased 
pulsation of these structures. (3) Tljere 
is prominence of the pulmonary artery 
since it receives blood from botli tlie right 
ventricle and the aorta. (4) Increased 
flow in the branches of the pulmonary 
artery causes excessive pulsation of these 
structures; this is called “hilar dance.” 
(5) The extra volume of blood in the lesser 
circulation leads to vascular congestion 
and finally “ if a normal mitral valve is not 
large enough to transmit this large vol- 
ume of blood -without an elevated left 
auricular pressure, there maj^ be visible 
dilatation of the left auricle.” 

Donovan, Neuhauser and Sosman have 
reviewed the roentgenologic findings in 
the thorax in 50 cases of isolated patent 
ductus arteriosus in which operation was 
performed subsequently. They gave the 


following criteri:i for the diagnosis of this 
condition: 

1. Tlirrr fx cnlargnucnt of the left ren- 
iriilr. The heart visually appears normal 
in size or slightly enlarged. When enlarge- 
ment is seen it vs due to hypertrophy of 
the left ventricle. If patent ductus arteri- 
osus is complicated by .subacute bacteria! 
endurtorhis, the heart may be greatly 
enlarged. 

2. Kridi'iirc of right rnitricular hyper- 
trophy i.s more .wggrxlirc of morr severe eon- 
genital heart tUsensr. It did not occur in 
the cases of patent ductus arteriosus re- 
portovl by thc.se authors. 

3. The lift auricle is enlarged. The}’ 
found this to be one of the most common 
signs of jiatent ductus arteriosus. This 
enlargement was demonstrated roentgeno- 
logically by showing tlve indentation of 
the Ivnrivim-filled esophagus by the left 
auricle in tlve rigiit anterior oblique view. 
Alitrai stenosis will cause enlargement of 
the left nviriclc but they stated that this 
is seldom confusoel clinically with patent 
ductus arteriosus. Auricular fibrillation 
is fotnul in eases of mitral stenosis but 
virtually never occurs with patent ductus 
arteriosus. Calcification of the mitral or 
aortic valve would indicate rheumatic 
heart disease. 

4. The pulmonary artery is dilated. Thvs 

is one of tlie most frequent findings in 
cases of congenital heart disease and is 
present in most cases of patent ductus 
arteriosus. The}' found that this could 
best be demonstrated in tlve right anterior 
oblique view, which shows best the relief 
of the true pulmonary conus. Great en- 
largement was not seen unless there was 
an associated bacterial endarteritis. They 


said tlvat a very large pulmonary artery, 
especially if associated with a definitely 
enlarged heart, is more suggestive o 
Eisenmenger’s comple.x, interauricular sep- 
tal defect or Lutemba^er's syndrome. 

5. Exaggerated beat of the left ventricle 
and of the padmonary artery can be seen by 
roentgenoscopy. This was seen in two- 
thirds of the cases reported by these 
authors. The characteristic pulsation m 
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cases of patent ductus arteriosus is tlie 
exaggerated systolic pulsation of the aorta 
and pulmonary artery, which occurs simul- 
taneously with the exaggerated ventricu- 
lar contraction. This cannot be demon- 
strated so well by kymography as by 
roentgenoscopy. Tliese authors stressed 
that this exaggerated beat can be dis- 
tinguished from that due to other con- 
ditions. 

6. There may he hilar dance, which is a 
systolic expansion of the large vessels in 
the hila of the lungs. These authors found 
this in a third of their cases. This is seen 
in other congenital lesions of the heart, 
e.specially with interauricular septal defect. 

7. Engorgement of the "pulmonary vessels 
may he seen. This is usually not severe 
and is seen most frequently when subacute 
Inicterial endarteritis is present. 

These findings by Donovan and his 
associates are similar to those described 
by other authors. The only point about 
which there is much controversy has to do 
with enlargement of the left auricle. This 
will be considered later. Roesleri- and Suss- 
man said that there may be some demon- 
.strable enlargement of the right ventricle 
but they agreed that this enlargement 
should not be very great. Eppinger, Dur- 
well and Gross reported no evidence of 
right ventricular hypertrophy. Most au- 
thors emphasize that tlicrc should not 
1)0 much cardiac enlargement unle.ss sub- 
acute bacterial endarteritis is present. It 
has been mentioned by Roe.sler and Su.'^s- 
man that at times a patent ductus artcri- 
ostis will overshadow the “aortic window” 
in the loft anterior oblique view hut tliis 
has not bet'U seen very fiaxpiently. Roes- 
ier stated that there occasionally is an 
isolated phupie of caleium in the aorta at 
the ])(>int of attachment of the ductus 
arteriosus and that this may he seen 
roentgenologieally. .Aneurysmal dilata- 
tion of the «inetus arterio'-ns or of tlie 
pulmonary artery m;iy oeoir and this 
micht tend to inuifuse the roentgenoloeist 
in s<ime ea-es. isus-man. (iri-hman and 
Sieinberg’’ have einpha^innl that in ca'-es 
of p.atent ilnctus arteriosus the pulsation 


of the pulmonary vessels at the hila is 
different from that which is seen in cases 
of interauricular septal defect. In the 
latter condition, the vessels are much 
larger and the pulsation is greater, since 
there is an associated pulmonary insuffi- 
ciency, organic or relative, whieh causes 
a collapsing type of pulsation, which these 
authors preferred to consider as a true 
hilar dance. 

Angiocardiography is of definite value 
in tlie diagnosis of patent ductus arterio- 
sus. Steinberg, Grishman and Sussman'" 
have summarized the angiocardiographic 
findings as follows: (1) There is a distinc- 
tive localized dilatation of the descending 
aorta just beyond the isthmus. The 
diameter of the aortic end of the ductus 
arteriosus is usually 2 or 3 times that of 
the pulmonic end. The localized dilatation 
seen by angiocardiography may be the 
aortic end of the ductus arteriosus or it 
may be a traction aneurysm of the aorta 
caused by the attachment of the ductus 
arteriosus. A small bulge or a more or 
less uniformly dilated segment may be 
seen. It projects toward the main and 
left pulmonary arteries. It is best, seen 
in the left anterior oblique view but is 
also seen in the left lateral and right 
anterior oblique views. (2) The main and 
loft pulmonary arteries are elevated; the 
appearance suggests that they are drawn 
toward the isthmus of the aorta. (3) The 
main and major branches of the pulmonary 
artery are dilated. (4) Varying degrees 
of left ventricular dilatation arc present. 

The locjdizcd dilatation of the aorta 
seems to be a reliable diagnostic sign and 
was not seen by Steinberg and his asso- 
ciatt's in any other condition than patent 
ductus arteriosus. They did not find with 
angiocardiography that persistent opacity 
in the pulmonary vascular tree wa-j a reli- 
able evidence of patent ductus arterio-us. 
Tlie duetJis arteriosus itself, especially it.s 
length and caliber, could not be dtinni!- 
strat)-<l by angii-vcardiography. J^teinb'rg 
atul hi-^ as'^ociates found no evidcnct' of left 
auricular enlargement, and thus tia-ir ob- 
servations confiict -ivith tJjose of Donovan, 
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Nciilmuscr nnd Sosmiin, and Eppinpcr, 
Biinvcll nnd Gross. jNIost authors’-'- '^-'"-'* 
do not mention enlargement of the left 
auricle as a common finding in cases of 
patent diictns nrteriosns. It is important 
tinit furtlicr oiiservations clarify this dis- 
puted point. 

According to Sfeinherg nnd his asso- 
ciates, the following conditions may he 
mistakenly diagnosed as patent ductus 
arteriosus: (1) intcrauricular septal de- 
fect; (2) idiopathic dilatation of the pul- 
monary artery; (3) Eisenmengcr’s com- 
ple.\'; nnd (4) pulmonic insufficiency due 
to absence of a cusp. In all of these con- 
ditions, there is enlargement of the pul- 
monary artery. 

In eases of interauricular septal defect, 
the heart is almost always greatly en- 
larged; this enlargement is greatest to tlie 
left but tlicrc is often moderate enlarge- 
ment to the right. The right auricle and 
ventricle are greatly enlarged. There is 
tremendous enlargement of tlic pulmonary 
arteries nnd tlie peripheral pulmonary ves- 
sels. The left auricle is not much enlarged 
unless tliere is associated mitral vahular 
disease (Lutcmbaclier’s syndrome). Tliere 
is a definite “hilar dance.” The aortic 
knob is very small or cannot be seen. By 
angiocardiography, tlie large right auricle 
can be easily seen and the greatly dilated 
pulmonary arteries also can be demon- 
strated. The current in tlie intracardiac 
shunt is from left to right and cannot be 
shown by angiocardiography unless there 
is a reversal of tlie flow, as may occur rvith 
cardiac decompensation. Owing to tlie 
rapidity of the injection when angiocardi- 
ography is used, there is increased pressure 
in the right auricle. This rarely may 
cause a temporary flow from right to left, 
which may be seen. 

In cases of idiopathic dilatation of the 
pulmonary artery, there is no enlargement 
of any of the cardiac chambers. Pulmo- 
nary insufficiency due to absence of a cusp 
can produce a “machinery” murmur. 
Angiocardiography might be necessary to 
make the correct diagnosis. The diagnosis 


of Eisenmengcr’s complex will be consid- 
ered with the tetralogy of Fallot. 

The value of roentgenologic observa- 
tions in cases of patent ductus arteriosus 
varies greatly. In most instances it serves 
only to demonstrate that the cardiac 
silhouette and size and tlie appearance of 
the great vessels arc consistent with a 
well-ostnblishe<l clinical diagnosis. Sha- 
piro’^said that roentgenologic studies are of 
value not only in aiding in the diagnosis 
but also in observing the progress in indi- 
vidual cases. He said that roentgenologic 
c.vamination will re\'cal tlie seventy of 
the leak and tlie amount of cardiac strain 
that is present. According to Shapiro, 
if the patent ductus arteriosus is small, 
the heart will be more nearly normal in 
size, whereas if tlie shunt is large, the 
heart will be larger nnd the pulmonary 
arteries greater in size. In some cases, 
roentgenologic observations will raise a 
doubt ns to tlie validity of tlie diagnosis 
of patent ductus arteriosus or will suggest 
tlie presence of some additional congenital 
cardiac anomaly. In such instances, angio- 
cardiography can be of greatest assistance. 
It has been stated that patent ductus 
arteriosus can be present when no machin- 
ery murmur is heard In sucli cases, 
the diagnosis can only be made witli cer- 
tainty by means of angiocardiography. 
It is unfortunate that angiocardiography 
does not show tlie length and caliber of 
the ductus arteriosus since tliis informa- 
tion would be of great value to the surgeon 
if ligation were contemplated. 

Stenosis or atresia of the pulmonary 
artery is at times an isolated cardiac 
defect, but most frequently it is encoun- 
tered in combination with interventricular 
septal defect, dextroposition of the aorta 
and hypertrophy of the right ventricle. 
These anomalies constitute the tetralogy 
of Fallot. Stenosis of the pulmonari' 
artery prevents an adequate pulmonary 
circulation and may cause death or 
gravely impair health. Recognizing this 
as a primary evil in many cases of con- 
genital abnormalities of the heart, Blalock 
and Taussig conceived and successfully 
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developed the artificial ductus arteriosus 
operation. By diverting blood from a main 
Ijranch of the aorta to the pulmonary 
artery, an adequate pulmonary circula- 
tion was obtained. Up to the present 
time, almost all of the patients who have 
undergone this operation have had the 
tetralogy of Fallot. Blalock stated, how- 
ever, that the operation is indicated in 
cases of pulmonary atresia with or with- 
out dextroposition of the aorta and with 
or without defective development of the 
right ventricle, in cases of truncus arterio- 
sus with bronchial arteries, and in cases 
of single ventricle with a rudimentary 
outlet chamber in which the pulmonary 
artery is diminutive in size. The opera- 
tion is not indicated in cases of complete 
transposition of the great vessels, or in 
cases of Eisenmcnger’s complex, and prob- 
ably not in cases of aortic atresia. 

On roentgenograms of the thorax, the 
findings in cases of tlie tetralogy of Fallot 
are: (1) absence of fullness of the normal 
pulmonary conus; (2) the shadow at tlie 
base of the heart to the left of the ster- 
num is concave and not convex — concave 
shadow in this region, in cases of per- 
-sistent cyanosis, always means that the 
pulmonary artery is misplaced, absent or 
diminutive in size; (3) the pulmonary 
window appears abnormally clear in the 
left anterior oblique view; (4) the heart 
frequently may appear normal in size, 
but sometimes it will seem to be moder- 
ately enlarged, and in such instances this 
is due to hypertrophy of tlic right ven- 
tricle— as the result of right ventricular 
hypertrophy, the heart is enlarged to the 
left and the apex is lifted from the dia- 
phragm and has a blunt nppearanee. This 
cardiac silhouette has been callwl “creur- 
en-sabt)t”; (o) ii has been stated that 
dextroposition of the aorta can be seen 
in convent iona! n>entgenograin5. This 
tnay be true but it is not likely to be a very 
tx'liable observation, and in many in- 
stanct's flextroiKisition of the aorta is not 
sugc^'-'letl by the rxx'ntgenognim. 

Atigioi'anliograpliy can be of great 
assi'-tanee in the diagno'^is of pulmonary 


stenosis and its associated cardiac abnor- 
malities.'®’*®’^® In cases of tetralogy of 
Fallot, angiocardiography reveals simul- 
taneous opacity of the aorta and of the 
pulmonary artery. Sometimes the density 
of the medium in the aorta is great enough 
to show the entire aorta and its major 
branches. The caliber of the pulmonary 
artery can be determined. The diameter 
may be so small that the artery cannot 
be identified in its entire lengtli. The 
stenosed portion of the pulmonary artery 
or conus arteriosus can usually be identi- 
fied. The right auricle and ventricle can 
be seen to be enlarged. Aortic anomalies 
can be seen if present. 

Blalock and Taussig warned against 
operating in cases in Avhich the pulmonary 
artery is prominent or when there are 
pulsations at the hila. They also stated 
that there must be clinical and roentgeno- 
graphic evidence of absence of pulmonary 
congestion. They further said that the 
only situation in which there is absence 
of the normal shadow of the pulmonary 
artery with adequate pulmonary circula- 
tion is complete transposition of the great 
vessels with the pulmonary artery lying 
behind the aorta. As the result of this, 
in the antero-postcrior view, the aortic 
shadow is narrow and there is a concave 
curve at the base of the heart to the left 
of tlie sternum. In the left anterior 
oblique view, the 2 vessels lie side by side 
and therefore the shadow cast by these 
great vessels is increased in width and the 
pulmonary window is not abnormally 
clear. Although there is no pulsation at 
tlie hila, pulmonary congestion frequently 
develops. 

A right aortic arch occasion. ally occurs 
with the tetralogy of Fallot, Tlie impor- 
tance of this has been stressetl by Blalock 
and Taussig since the major branches of 
the aortic arch are altered in position wlien 
thi< occurs and the surgical approach mu.'t 
be ehangerl. The variations of riglu aortic 
arch leave been described by Betlfnrd and 
Parkinson* and by Sussman. In all 
the aorta arches over the root of tlie right 
lung niihcr than over the root of the left 
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Iiuig. In most instances tlicre is then a 
"liigh-crossing” and the aorta abruptly 
turns to tlie left us soon as it lias crossed 
the right main broncluis. In going to the 
left of tlic spinal column, it goes behind 
llie esophagus, rlispincing it and the 
trachea foruard. Behind the esophagus 
there is a dilatation or diverticulum of the 
aorta wliich is caused by a persistence of 
the distal portion of tlic left fourth em- 
bryonic arterial arch, and the left sub- 
clavian artery arises from this. The aorta 
may then descend in tlic thorax on either 
the left or right side of the spinal column. 
If it descends on tlie right side, there -will 
be a secondary "lou’-erossing” so that it 
can reach the aortic hiatus. This, the 
usual type of right aortic arch, is easily 
recognized roentgcnologically since the 
aortic knob can be seen to be on the right, 
the barium-filled esopliagus is indented on 
the right by tlic aortic knob in the antero- 
posterior view, and the aortic arch dis- 
places the barium-filled esophagus forward 
in tlie right anterior oblique view. The 
course of tlie descending aorta may also 
be seen and noted if it is on the right side. 

There is a less common type of "high- 
crossing” right aortic arch which is more 
difficult to identify. In this case, an 
artery arises from the ascending aorta and 
crosses in front of tlie trachea to the left 
side. This is a persistence of the proximal 
part of the fourth embryonic arterial arch 
and it serves as a left innominate artery. 
The right subclavian and right common 
carotid arteries arise separately from the 
aortic arch. In such cases, the aorta 
crosses to the left of the spinal column as 
soon as it crosses the right main bronchus 
but it does not go behind the esophagus 
and there is no aortic diverticulum. The 
roentgenologic diagnosis is more difficult 
as tlie result of this; there is indentation 
of the barium-filled esophagus on the right 
side in the antero-posterior view and there 
is a slight backward displacement of the 
esophagus in the left anterior oblique 
view. Angiocardiography will show this 
type of right-sided aortic arch when it is 
combined with the tetralogy of Fallot 


and in some instances the correct diagnosis 
might he very difficult witliout angio- 
cardiography. 

Sometimes the aorta docs not cross to 
the left as soon as it arches around the 
right main hronohus hut descends to the 
right of the spinal column to cross lower 
down so as to enter the aortic hiatus. In 
such cases, the descending aorta can be 
seen roentgcnologically to he on the right 
instead of on the left and the aortic knob 
also will he seen on the right. This is 
known as right aortic arch with “low- 
crossing.” 

In most instances the usual roentgeno- 
grams and roentgenoscopy are all that are 
needed to support the diagnosis of tetral- 
ogy of Fallot. In some cases, however, 
angiocardiography will aid materially. 
Eisenmenger’s complex is similar to the 
tetralogy of Fallot e.vcept that there is 
no pulmonary stenosis and the conus 
arteriosus and pulmonary artery are en- 
larged. Operation is not indicated in 
cases of Eisenmenger’s complex, but angio- 
cardiography might be needed to distin- 
guish this condition from pulraonarj' sten- 
osis associated with poststenotic dilatation 
of the pulmonary artery. Transposition 
of the great vessels and truncus arteriosus 
could be identified by angiocardiography. 
Coarctation of tlie aorta may be found 
associated with the tetralogy of Fallot. 
Any abnormality of the aorta and the 
course of the major branches of the aorta 
can be shown by angiocardiography and 
this may be important if operation is con- 
templated. 

Coarctation of the aorta is frequently, 
an isolated vascular anomaly. At times it 
is found associated with other cardio- 
vascular anomalies but, as a rule, tliese 
are not significant. A patent ductus arteri- 
osus may be associated wdtli coarctation 
of the aorta. In cases in w'hich the patients 
are adults, the roentgenologic diagnosis of 
coarctation of the aorta is usually made 
with ease since there is notching of the 
inferior aspects of the posterior portions 
of the ribs, especially from the third to 
the ninth. I\Tien this is seen, it is patliog- 
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nomonic. Notching of the ribs is usually 
not seen in children, however, and, since 
surgical intervention is desirable before 
irreversible degenerative cardiovascular 
changes have taken place, it will be neces- 
sary for roentgenologists to look for other 
evidences of coaretation of the aorta. In 
coarctation of the aorta hypertrophy of 
the left ventricle develops sooner or later 
but this may be caused by many other 
conditions. The aortic knob is absent or 
small but this occurs in other conditions, 
especially in children. The ascending 
aorta appears normal or is prominent on 
the right. In the left anterior oblique 
view it may be possible to see the con- 
stricted segment of the aorta. This can 
be seen most frequently in older patients 
in whom atheromatous degeneration and 
calcification of the aorta allow the entire 
arch and upper part of the descending 
aorta to be seen roentgenologically. In 
cases in which the patients are children, 
the constricted segment can rarely be seen 
in the roentgenogram. According to Cra- 
foord ci al.,^ the ligamentum arteriosus 
draws the stenosed segment of the aorta 
ventrally and medially, and they said that 
this angulation of the aorta may be seen 
rocnlgenologically. According to them, 
what appears to be an aortic knob may, in 
reality, be a strongly pulsating enlarged 
leff subclavian artery which has a convex 
left outline. 

The eonstrieted segment of the aorta 
can be flemonstrated by angiocardiog- 
rajihy ’’’ It remains to be seen how 


frequently this method will demonstrate 
the caliber and length of the constriction. 
This would be of immeasurable aid in 
deciding whether the segment could be 
excised. If the caliber of the stenosed seg- 
ment 3vere knotvn, it ■would also give some 
indication as to the degree of collateral 
circulation that has developed. Angio- 
cardiography can provide some direct evi- 
dence as to the collateral circulation since 
it shows very clearly the size of the great 
branches of the aorta proximal to the site 
of coarctation and also shows the size of 
the internal mammary arteries.®’'®'*® A 
good collateral circulation must be estab- 
lished in these cases before operation can 
be attempted since the aorta is clamped 
off for a considerable period of time dur- 
ing the operation and the collateral circu- 
lation must be adequate to provide for 
the trunk and lower extremities during 
that time. Angiocardiography might re- 
veal unsuspected cardiovascular anomalies 
that would otherwise not be suspected and 
knowledge of their presence might alter 
the surgical aspect considerably. 

It is hoped that further advances will 
be made in the stirgical treatment of 
congenital heart disease. It may be found 
that other types of congenital cardiac 
abnormality will be amenable to surgical 
treatment. Careful roentgenologic ol)- 
servations should aid in the making of an 
accurate diagnosis and angiocardiography 
especially has much to contrilnite in the 
diagnods of TOiigenital heart disease. 
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PnoTozooLOGY. By RiciunD R. Kudo, 
D.Sc., Profcpsor of Zoologj', Universit 3 ' 
of Illinois. 3rd cd. Pp. 778; 336 ills. 
Springfield, III., Tliomns, 1010. Price, 
•SS.OO. 

Tin: forms and adaptation of the Protozoa 
are hardlj’ more varied than are the rela- 
tionships of protozoologj' to other branches 
of biologj*. Recent events have served to 
emphasize the potential importance of para- 
sitic Protozoa in human medicine when 
warfare upsets the artificial barriers which 
have come to limit these organisms to the 
less fortunate elements of mankind or to 
the less favored parts of the earth. Veteri- 
narj' medicine also knows the potentialities 
of the protozoan parasites of domesticated 
mammals and birds. The ichthyologist, the 
apiculturist and the entomologist also must 
reckon with protozoan parasites. However, 
the non-parasitic forms of this group of 
animals are equally interesting. They serve 
as material for the cell physiologist, the 
geneticist, the ecologist; they are concerned 
in water purification and sewage disposal; 
the skeletons of certain groups supply the 
petroleum geologists and paleontologists with 
a key to the age of sedimentarj' formations. 
Professor Kudo presents an excellent and 
well-balanced discussion of the entire group. 
The book is intended primarily for advanced 
students but anjmne whose interests require 
knowledge of or reference to the Protozoa 
nail find it a valuable source of information. 

H. R. 


The Doctor in the French Literature 
OF THE Sixteenth Century. By Nancy 
F. Osborne. Pp. 140. New York; Kng’s 
Crown Press, 1946. Price, 82.00. 
Perhaps because literature tends to give 
a wrong focusing on the individual, i. e., a 
caricature, whether intentional or otherwise, 
the author has most to say abou^ the Re- 
naissance practitioner’s “ignorance, avarice, 
jealously, ehicanerj', and arrogance.” On 
the other hand, she gladly recognizes such 
exceptions to the rule as Rabelais, Fernel, 
Par4 and a number of others. The points 


asserted in the text are supported by fre- 
quent quotations from contemporarj' sources, 
which add considerably to the book’s at- 
traction if not too difficult in their old- 
fashioned French. The apothecarj', the 
charlatan, remedies and their modes of 
administration receive desen’ed castiga- 
tion; j’et the author admits an affection for 
the “pompous old fool" n-ith his jowal 
humor and spic 3 '’wit who tiqiified the French 
ph 3 ’sicinn of the 16th centur}'. Thence 
doubtless is derived much of the charm of 
this interesting production. E. K. 


Textbook of NEuno-AXATOxn:. By Albert 
Kuntz, Ph.D., hl.D., Professor of Micro- 
nnntom 3 ', Universit 3 ’ of Missouri, School 
of Medicine. 4th ed. Pp. 478; 325 ills. 
Phila.; Lea & Febiger, 1945. Price, 83.25. 
Though this new edition of a standard 
medical textbook of neuro-anatom 3 ' cannot 
solve the problem of learning neuro-anat- 
omy, the text has the advantage of being 
clearkv witten and has summaries at the 
end of each chapter which will appeal to 
the medical student or others interested in 
reiaew. The illustrations have been im- 
proved since the last edition. As might* be 
e.xpected from some of the author’s other 
work, the chapter on the autonomic nervous 
si'stem is unusually detailed and authonta- 

th^e. W. H. 


Modern Urology for Nurses. By S. M- 
Dwwer and G. W. Fish. 2nd Ed. Pp- 287. 
Phila.: Lea & Febiger, 1945. Price, $3.25. 
This well-planned and well-uTitten trea- 
tise fulfils its objective, which is to give the 
graduate and student nurse a working 
knowledge of urologic disease, to better 
enable her to more inteUigentb’’ carry out 
her duties incident to the care of the ur^ 
logic patient. Its value should be notable 
as a reference book to those teaching uro- 
logic nursing and to those in charge of plan- 
ning or founding a new urologic departmen . 
There are chapters on floor plan, person- 
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nel and equipment for a urologic service; 
use and care of instruments and apparatus; 
minor urologic procedures; as well as detailed 
information in regard to preoperative, op- 
erative and postoperative care in major 
urologic conditions. 

Each organ of the urinary tract, the kid- 
ney, ureter, prostate, bladder, urethra and 
external genitalia in the male, is discussed 
as to anatomy, physiology, diseases and 
treatments. Always the nurses’ part in the 
care of such patients is emphasized. Illus- 
trations are adequate and to the point. 

The presentation of this little book should 
simplify the task of becoming a good uro- 
logic nurse for those who will take the time 
to read it. L. L. 


War Neuroses. By Roy Grinker, Lt. 

Cou., M.C., and John Spiegel, Maj., 

M.C. Pp. 145. Phila.; Blakiston, 1945. 

Price, S2.75. 

This is one of the more readable and 
interesting reports on militar}’’ medicine to 
come out of the war. Written at the end of 
the Tunisian Campaign and printed in 1943 
for restricted distribution to medical officers, 
it proved of such merit that with the lifting 
of military restrictions it is now published 
for general circulation. Naturall}' it is 
primarily of value to the psychiatrist and to 
all militarj' medical officers. The authors 
include a description of clinical symptoms, 
a .section of special psychiatric problems of 
the Air Forces, discussions of ctiologA', prog- 
nosis, treatment and results, concluding with 
discussion of psycho-biologic dynamics. 

While this is a worthwhile contribution 
to the literature of neurologic disturbances 
under the speci.al situations of war, it is 
doubtful whether much of the information 
gained can be used in handling the usual neu- 
roses encountered in civilian jiracticc. Par- 
ticularly would this seem to be true of the 
reactions encountered in narco^vnthesis. 

W. II. 


SiH-UETonv Mkcuamsm or Tin; Digestive 
Glands. By B. P. B.mikix. Pp. 900. 
New York; Ib'ober. 191."». Price. .?5.00. 
In the autlior’s own word*. “Tlii* volume 
tleal* w'ith the exjH'rimental .nnalysi* of the 
MH-retorj- function of the (iia''tive uland* in 
carnivorou* animal* and man." In it Pm- 
fe^*or Babkin ha* undcrt.aken to “s-.jm up 


our present knowledge in this pro\’ince of 
physiologj’^ in order to facilitate further 
study.” As an aid to "further study” this 
work wtU serve to orient the prospective 
investigator in respect to the facts alreadj" 
known, the methods that have been and 
may be used, the innumerable problems re- 
maining to be studied, and the various inter- 
pretations that have been made of previous 
observations. Originally prepared for use 
in lectures to graduate students, the material 
is calculated to stimulate and facilitate re- 
search rather than to instruct in the con- 
ventional textbook sense. 

As interpreted by Professor Babkin, the 
“mechanism” of secretion includes not onlj’ 
the intimate physico-chemical processes that 
go on within the secreting cell but also the 
stimuli which cause the cell to secrete, as 
ivell as the origin and mode of transmission 
of such stimuli, and, finall}-, the nature and 
composition of the secreted product. In 
discussing these problems, the author finds 
it necessary to consider more than can be 
learned bj' phj'siologic methods alone. The 
gross and microscopic anatomj' of the glands 
and their associated structures and the 
chemistry of the secreting cell and its prod- 
ucts are also discussed. 

As indicated by the title, the book is a 
dis.serfation on the secretory mechanism as 
such rather than an analysis of the function 
of the indi\Tdual digestive glands. Con.=c- 
quently, the general arrangement of the 
subject matter is such ns to facilitate the 
.study of the mechanism ns a whole. Never- 
theless the author has found it convenient 
to include most of his discussion of the gas- 
tric glands in a group of consecutive chapters 
comprising nearly half the book. Another 
group of chapters making up about one-third 
of the book de.als with the s.aliv.ar\’ glands. 
A third section deals with alimenhary hor- 
mones. In this section, as elsewhere through- 
out the book, the nervous regulation of 
secretion is given adequate recognition. 
The,*e 3 sections, con=idcrc<l apart from the 
rest of the m.aterial. amount to inonograjdis 
in their respective fields. The author’* 
warning that hi* review of the literature i* 
incomplete doe* not impress the reader who 
find* Iiere more infonnation than he had 
hop<Ni ever to find in any one j)lace. Tise 
ivmcrea* receive* le." attention th.an the 
otb.er dige.-tive gland*, doubtk-** becau-e 
the autlu'r found it I(*~ useful a* a memi* 
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of illiisfratins (lie principles wiiicli he cliosc 
to discuss. 

In tliis, ns in liis previous piililications, 
Professor Bnhkin emphasizes llic fact that 
the digestive glands, particularly the gastric 
and salivary glands, are complex struc- 
turc.s made up of cells of different types, 
each of which elaborates its own special 
secretory product. In his view the several 
tyircs of cells m.ay be stimulated scj)aratcl.v 
by appropriate nervous or humoral stimuli 
and this fact accounts for the observed 
variations in composition of the individual 
digestive secretions. 

The book contains an excellent index and 
a bibliography of more than KiOO reference^, 
complete with titles. IMany of the latter 
refer to dissertations in the Ilussian language 
which have had only a limited circulation, 
even in Russia. The«c will prove most valu- 
able to English speaking students insofar as 
they arc reviewed in the tc.xt. J. T. 


Cleft Palate and Steech. By Muiuel 
E. Morley, B.Sc., F.C.S.T., Speech Ther- 
apist to the Royal ^''ictoria Infirmaiy, the 
Hospital for Sick Children, and the New- 
castle General Hospital, Newcastle-upon- 
Tjme. Pp. IGO; 52 ills. Baltimore: Wil- 
liams & Wilkins, 1945. Price, $2.75. 

This little book is intended primarilj' as 
a guide for speech therapists in the training 
of patients with speech defects due to cleft 
palate. Chapters 1 and 2 present a very clear 
concise description of the embrjmlogic, ana- 
tomic and physiologic factors involved in 
cleft palate, and explains fullj^ the defects 
in speech resulting from the various types. 
The object of surgical treatment is carefully 
explained in Chapter 3, with special refer- 
ence to the methods emploj^ed by Wardill, 
with whom the author is most closely asso- 
ciated. In Chapter 4 is a discussion of feed- 
ing and speech problems in cleft palate. An 
analysis of speech defects before and after 
operation, with methods of examination, is 
given in detail in Chapter 5. Chapters 6 and 
7 cover treatment by the speech therapist, 
and Chapter 8 records 25 case histories 
showing development of speech in various 
types and conditions. 

This is the most complete, and at the 
same time readily understood and reliable 
presentation of the problems associated 
with cleft palate that has come to our atten- 


tion. Xo one, including the surgeon, inter- 
ested in the problems of cleft palate, can 
afford to be without the hook. R. I. 


Pehso.valitv in Arterial HrPERTE.vsio.v. 
By C. A. L. Binger, M.D., X. W. Acker- 
man, M.D., A. E. Cohn, M.D., H. A. 
ScHROEDER, jM.D., and J. M. Steele, 
AI.D. Pp.228. XewA^ork: TheAm.Soc. 
for Res. in Psvchosomatic Problems, 1945. 
Price, 83.00. ‘ 

The authors have added another excellent 
study to the series of Psj'chosomatic Medi- 
cine Monographs. Personality studies to- 
gether with an evaluation of the enwron- 
mcnfal situations which produced them in 
24 patients with hypertension have been out- 
lined together with interpretative remarks 
concerning the ps 5 ’chodynamics. It is 
interesting to note that these personality 
evaluations show a verj' consistent pattern 
despite the varied somatic patholog}' of the 
hypertension. 

The authors have been consers'ative in 
their conclusions concerning the etiologic 
significance of the psj'chiatric observations. 
They conclude that “these cases are charac- 
terized bj' two phenomena, namely, eleva- 
tion in biood pressure and disturbances in 
personality,” but neither the elevation in 
blood pressure nor the disturbances in per- 
sonality imply the existence of the other. 


Experimental Catatonia. B5’^ Herm-an 

Holl-and De Jong, M.D. Pp- 225. 

Baltimore: Williams & Wilkins, 194o. 

Price, 84.00. 

This book is a report of further work b) 
the author- and his associates upon the 
experimental production of catatonia, it 
was earlj' found that man 3 ' substances 
besides bulbocapnine produced this reaction 
and a search was made for a “ catatonizmg 
chemical nucleus.” But since even ex- 
tremety simple substances such as nitrogen 
could be used to induce these states, it nas 
concluded that the essential element vas 
cellular asphjodation which operated > 
changing the threshold of cellular discharge. 
Since experimental catatonia can be_inauce_ 
bj' a great variety of chemical and 
cal substances, bj' alterations of nietabolis 
(for example, ligation of the hepatic arterj l< 
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electrical shocks, by brain lesions, bj’’ 
audiogenic stimuli, etc., it was thought that 
it represents a general reaction form of the 
central nervous sj’’stem. This is strength- 
ened by the fact that work was done with 
representatives of the many animal species. 

Studies were also made of schizophrenics, 
in a search for specific toxic substances in 
the urine; but these results have been nega- 
tive. 

Although experimental catatonia is re- 
garded as a general reaction form of the 
nervous sj'stem, a certain specificitj'^ emerged 
in the fact that only the alteration of either 
liver or intestinal function produced the 
condition. From this the authors postulate 
a possible primary liver damage as the basis 
for certain cases of catatonia and schizo- 
phrenia, an hj’pothesis supported by finding 
that a high percentage of schizophrenics 
reacted positively to the cephalin-cholesterol 
flocculation test as compared with the con- 
trols. The book is interestingly and simplj' 
written and should be informative and 
thought provoking for all those interested in 
this field. L. S. 

Skin Dl■SE.^s^:s in Childhen. By Geohge 
M “Mackee, j\I.D., and Anthonw C. 
CiroELAHO, IM.D. 2nd cd. Pp. 48G; 
225 ills. Xew York: Hoeber, 10-fG. 
Price, S7..50. 

The senior author of this l)ook on i)ediatric 
dermatology, the 1st edition of which ap- 
])oarcd in 193G, is Profe.ssor of Clinical Der- 
matology’ and Syphilology at the New 
York Post-Graduate Mcdicid School of 
Columbia University; the junior author is 
an Associate in Dermatology and Sy[)lulol- 
ogy at the same institution. There are 
chapters by Herman Beerman on syphilis 
in children, by Frances Paseber on alleridc 
dermatoses in children, by Eucene Traub 
on congenital cutaneous anomalies, and In- 
Nathan I.obel on eontaeious dise.ases. 

.•\s skin diseases of infancy and childhood 
are of great importance to all physicians, 
and in general are not covered adequately 
in standanl textbooks on {icrmatology, a 
new enlarged editioti of thi< practical b.Ktk 
i-i uelconual. 

The antht'r.-.’ aim hn‘; bivn to make thi' 
treatise comprehensive, with e’np:ia'i< on 
etiology and treatment. In order t*« simplify 
the pre-entation <if material, they have 
ur.'*niv'<l \'ariet:< on the ba^i^ of 


etiology’, pathology’ or clinical similarity. In 
general, this classification is a workable one. 
However, there are instances in which it 
leads to some confusion in regard to etiology 
of certain dermatoses. For example, the 
authors have included dermatilis repens atid 
pomphohjx (dysidrosis) under diseases due 
to fungi. Few dermatologists would agree 
with this classification. 

The section on benign and malignant new 
growtlns, congenital cutaneous anomalie.s, 
diseases of the sweat glands, sebaceous 
glands, hair and nails, the tuberculosis group 
of skin diseases, and sy’philis in children are 
of particular value because the authors have 
so sunmiarized their wide experience that 
the phy’sician can find authoritative answers 
to many’ of his problems without difficulty’. 
For example, the discussion on what to do 
and what not to do about nevi is excellent. 

In some instances, the lack of critical 
presentation of material is regrettable. For 
example, an entire page is devoted to the 
low fat diet method of treating acne vulgaris, 
without any’ mention of the authors’ ])er- 
sonal opinion. It is difficult to accei)t the 
statement on page IG that “impetigo con- 
tagio.«a is usually’ caused by’ a streptococcus 
and rarely by’ the Slaphylococcus anreus” in 
the light of the reports of many’ investigators 
to the contrary’. If the authors had had 
wider experience in the use of penicillin 
topically in the treatment of j)y’ogenic infec- 
tions of the skin, they’ would probably’ not 
have slated that penicillin ointment gives 
“.‘jpeclacular’’ results in sy’cosis vulgaris. 

It would sec.'u th.at in a book intended 
chiefly’ for the general practitioner, it would 
have been preferable to have outlined 
methods of treatinent which have proved to 
be effective in their hands, with a definite 
statement of their personal oiunions on the 
efficacy of method. 

Despite these .‘-hortcoming'--, this is a U'-ef ul 
bonk, and the authors are to be comn-.atu- 
lated on bringing together a great amount 
of valuable information, and presenting it in 
a concise m.amier.' J). I’. 


^Iedic.kl Clinics of Nouth Amkhic.^, 
in Po''ir'}r .l/co’iVine. March 
191G. I’nun the 2.’!d .'^e.-vice CVirumand. 
I’p. Philn,: ^aund''^^, 195G. 

Price, a venr. 


Tins i- a v.ell-' 
stands a- a trib'.i 


’it t'-:; 
to it 


.’•yrnjs'-idum v.hiclj 
' v.ariou- author-. 
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who, ill spite of Uie fact that they were 
pressed bj’ tlie needs of war, found time to 
carry out these original pieces of clinical 
research. In it they accomplish 2 things: 
First, an illustration of the strides made in 
the treatment of various conditions, com- 
inonlj’’ met by both militarj’ and civilian 
physicians. The second is the fact that the 
articles acquaint the civilian physician with 
the problems and treatment of certain dis- 
ease entities which occurred in military per- 
sonnel, so that the personnel may be better 
following their discharge. 

Of sjiecial interest are the timelj' and 
practical articles on the “Problem of Nutri- 
tion in the Treatment of the Prolonged 
Hospitalized Patient” and the “Significance 
of a Psychiatric Diagnosis.” A. C., Jn. 


NEW EDITIONS 

Physiological Chemistry. Bj’ J. F. IMcClen- 
DOK, Pu.D. 7th ed. Pp. 463; S3 ills. 
St. Louis: Mosby, 1946. Price, S4.25. 


NEW BOOKS 

Three Unpitblished Drawings of the Anatomy 
of the Unman Ear. By the late Max 
B noDEL. Assisted by P. D. Malone, 
Stacv R. Guild and S. J. Crowe. Phila.: 
Saunders, 1946. 

In' addition to tho drawings there is an 
attracti\'o color reproduction of a portrait of 
Mr. Brodel. 

William Beanmonl’s Formative Years. Two 
Early Notebooks 1811-1821. With An- 
notations and an Introductory Essay by 
Genevieve Miller, M.A., Institute of 
the Histori' of Medicine, The Johns Hop- 
kins University. Pp. 87; 21 ills. New 
York: Schuman, 1946. Price, S5.00. 

An' attractive presentation by Genevieve 
Miller of the notebooks of Beaumont that 
were begun by him while he was studsdng with 
Dr. Benjamin Chandler in Vermont. 
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Dl-ISOrROrYL-FLUOUOPHO.SPHATE 
(DFP) is It compound (completely unre- 
lated clicmically to neostigmine or pliy.sos- 
tigminc) which has heett .shown to produce 
marked inhihition of serum, retl ceil, mus- 
cle and hniin cholinesterase for long 
periods of time. The rates of restoration 
of these activities are very slow following 
administration of DFP and consequently 
the elfeets of DFP are far more prolonged 
than those of ni'ostigmine or physostig- 
mine.^ ’'’ When instilled into the cotijnnc- 
tival sac. O.l*',' DFP produces intense 
miosis which may persist for days or 
wet'ks;'’ this action has lieen found to 
he of amsidcrahle value in the treatment 
t'f ghuiwina and in overcoming atropine 
mydriasis.'" When given systmnica.lly in 
sutall doses, it.s osdy <iet»>et;d)le eihvts tm- 

• S!i 5 'p''r:o.! :ri p'lrs by K•.r^y•^!rO.•5^^y Fund*. 

♦ T!i!» -y m-.y }«* ilif i 

cb-V;.-,'-!.-:,*,.-' .-.^uv’.ly nt r.'.y..' f:r •. 

d-!!’ ! -V t'.p [-•...j'S'v of .'."I 


(he inhibition of plasma and then red cell 
cholinesterase; large closes produced stimu- 
lant effects upon skeletal muscle, and still 
larger dose.s lead to increased gastro-int<>s- 
tinal activity and (in some patients^ ef- 
fects upon the central nervous system. 
Because of it.s pronounced and prolonged 
anticholinestera.'^e action, one of us (A. G.S 
considered it desirable to evaluate its 
effects upon patients with my.isthenia 
gravis. Since many investig.ntor.s believe 
that the symptoms of myasthenia gravis 
are <iue to an iiKuflieieney of aeetyieholine 
at the myoneural junction , t it sremed a 
matter of great theoretira.l imjmrtanee to 
<letermine whether this new atuiehoHn- 
e.vtera.'e agent wa-- capabh> of iiKTea*inc 
nuivcle stn-ngth in rnya^th'-rnr paii'-ni*. 
If 1)I'P cxnild i'c .‘•hfivn ;o p*>-. tlii- 
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property, its prolonged action would be 
important clinically by reducing the num- 
ber of doses of drug needed and by pro- 
viding a relatively constant effect through- 
out its period of action. 

Method. In order to evaluate the 
efficacy of DFP, both subjective improve- 
ment noted i)y patients and observers and 
objective tests were employed.'® When- 
ever possible, a comparison was made of 
the effects of DFP and neostigmine. 

The effects of DFP or neostigmine upon 
muscle weakness, ptosis, swallowing func- 
tion, appetite and hand dynamometer 
readings were noted by each patient and 
by one observer (J. T.) 3 times daily 
throughout the investigation. In addition, 
certain tests Avere performed in duplicate 
daily by each patient. These consisted of; 

(a) A Dijnaviic Finger Test. The left 
arm was firmly enclosed in a plaster east 
from aboA'e the elbow to tlie proximal 
phalanges to prevent movement of any 
muscles except those of the left forefinger. 
A light metal splint was then fastened 
with adhesive tape to tire back of the 
forefinger to prevent flexion at any joint 
except at tlie phalangeal metacarpal. To 
the middle phalanx Avas attached a cloth 
ring, 5 incli Avide; strong tAvine led from 
this to a pulley and a standard Aveight of 
840 gm. The weight could thus be pulled 
up and doAvn (on guide bars) by tlie finger 
and the rate and extent of this moA'eraent 
AA’'as recorded on kymograph paper by an 
ink AAT-iter attached to the weight. The 
maximal amplitude through AA^hich tlie 
finger could be flexed and extended pas- 
sii'ely was recorded before each test. A 
rate of 60 complete pulls per minute Avas 
then imposed upon the subject by a 
metronome. The subject Ai'as instructed 
to pull as Augorously as possible at this 
rate for 30 seconds. 

Q}) A Static Finger Test. The same 
apparatus (splints and Aveight) was used, 
but in this test the finger was pulled for- 
ward to an angle of 90" and the subject 
was instructed to hold the finger there 
with weight attached, as long as possible. 
Tj^pical records of the dynamic and static 


tests are shoAvn in Figure 1. In both the 
dynamic and static tests a rectangular 
area enclosing the maximal possible con- 
traction for 10 seconds aa’us measured by 
a planimeter for each test and this ivas 
considered as 100 %; the area on the record 
enclosed in each 10 second portion of the 
30 second test Avas measured similarly and 
the per cent of maximum is indicated as 
static or dynamic tests 1, 2 and 3 in 
Tables 2, 4 and 5. A normal individual 
can perform for many minutes without 
any decrease in performance, but myas- 
thenic patients generally tire Avitliin 10 
seconds. 

(c) Maximal Breathing Capacity.^ This 
Avas employed in some subjects as a dyna- 
mic vital capacity test'® for measurement 
of strength of the respiratory muscles. 
The individual Arms instructed to breathe 
as rapidly and as deeply as possible for 
30 seconds; the e.xpired air was collected 
in a spirometer and the volume was meas- 
ured for the first and second 15 second 


periods separately\ 

(rf) Hand dynamometer tests AX'ere per- 
formed 3 times daily. 

Patient L. G. had marked right monocu- 
lar myasthenia gravis. In tlris case, in 
addition to the aboA-e tests, special ocular 
measurements were made so tliat objec- 
tiA'e comparison might be made of the 
effects of neostigmine and DFP on the 
extraocular muscles. Ocular muscle mo' ^ 
ments Avere measured by the screen an 
parallax metliod. The patient’s head nas 
placed in the head-rest of a Zeiss perim 
eter. The right eye Avas centered on e 
central fixation point when tlie right fie 
of rotations Avas tested. The left eye aass 
centered on testing the left field 
tions. The light of fixation Avas jaace 
30" from fixation in the 6 cardinal direc 
tions of gaze. By using the perimeter or 
measurements, some of the errors usua } 
encountered in the estimation of 
and phorias were decidedly lessened.^ 
distance from the eye to the P"'” 
fixation was constant in the 6 car ma 
directions, and could be duplicated. 
prisms AA’^ere held approximately ^ 
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from the eye and careful attention was 
paid to the position in which the prisms 
were held. Attempts were thus made to 
avoid the errors inherent in this method 
of measurement as described by Putnam 
and Quereau.^'^ 

In most of the subjects, mechanical 
myograms and electromyograms were re- 
corded following supramaximal stimula- 
tion of the ulnar nerve; recordings were 
made from the fifth finger.® Rates of 
stimulation were 5, 20, 30, 40 and .55 per 
second. 


ity, or indeed of enzyme activity in gen- 
eral, after therapy requires close scrutiny. 
When the substance which forms a readily 
reversible compound with cholinesterase 
and thus inhibits its activity, is adminis- 
tered therapeutically, the observed cholin- 
esterase activity of the drawn serum or 
red cells depends upon the degree of dis- 
soeiation of the cholinesterase inhibitor 
complex. This in turn depends, among 
other factors, on the dilution of serum or 
red cells in the final reaction mixture. 
Straus and Goldstein-® have studied in 



I'la. 1.— SUvtic (left) .md dynnmir (router und richl) work tests in Patient 0 l)eforD DFP (upper record) 
and 12 iiour.s after the injeetioii of 3 itik. of DFP (lower record). 


The ofTcct of DFP upon the function 
of the liver, kidneys, heart, henuitopoietic 
sy.steins and upon other body functions 
was evalutited carefully in etich i)atient: 
the.se studie,s were e.ssentially negtitivc 
tuul have been reported elsewhere.^ 

Choline-steriise determinations were tlone 
before and during DPP therapy by a 
modifietttion ttf .Vnunon’s method.'® It is 
of interest to note that plasma and red 
cell choliitestenise were within the normal 
range in all of our untreatixl myasthenic 
patients. In Table 1 are shown the 
jdiysieal characteristics of the 7 patients, 
the tn-atment murse employtai, aiul the 
iowcvt cholinesterase levels nttaincii dur- 
ing DFP therapy. The interprct.ation of 
the tueastirvmctU of choiiin stera.'e nctiv- 


dctail the inhibition of dog and horse 
sertim cholinesterase by phy.sostigmine 
and have shown liow the cholinesterase 
jictivity of the serum at any dilution may 
be corrected so as to represent the cholin- 
e.stcrase activity of the undiluted scrum 
ill riro. 

Neostigmine and other compounds have 
also been shown to form reversible com- 
plexes with cholinesterases.- However, no 
sttidy of the clTt'ct of neostigmine on 
cholinestentse. similar to lliat of .Straus 
and Goldstein on physnstiginine, Ii.as yet 
been made. A number of determinations 
of cholinesterase activity in our patients 
showcal. a^i might luive been expcTted, 
that after tlie administration of nefj.'.tig- 
mine. the enryme activity vari<’il with 
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was possible in this patient. She required 
no further medication for 3 weeks, durmg 
which time her plasma cholinesterase activ- 

/tnll />nnlmP5» 


the dilution of the enzyme and the stage 

of the reaction. In \icu of these co time ner pmsum uiiuiiiicoi-v...... 

.sidcrations and since we were not in a Qggfroni2to 122%andredceUcholmes- 

position to evaluate comprehensively the 37 50% of the control valuK. 

effect of neostigmine at various enzyme j^yasthenic symptoms then reappeare . 

concentrations, we have not recorded any ^o evaluate possible psychic components m 

after neostig- this patient’s sj'mptomatology she wa. 

given injections of sterile saline solution. 


eholine.sterasc activities 
mine administration. 
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Remark 

Mvasthenia gravis 
Myasthenia graN^s 

Ocular myasthenia grains 
Severe myasthenia grat- 
is; patient requested 

release from hospital, 
died 6 months later 
Severe myasthenia g^a^ 
19 ; died at home 1 
month later . 
Severe myasthenia gra 

is; died at home I 
month later^ , 
Old myasthenia graM.- 


In contrast, jNIazur and Bodansky show- 
ed that the inhibition of human serum by 
DFP is not readily reversible and^ that 
dilution of sevum from a DFP injected 
animal docs not influence the relative 
activity of cholinesterase on dilution ot 
the serum.*® These observations have 
been amply confirmed in tlie present study 
and accordingly cholinesterase determina- 
tions after DFP administration have been 
used as measures of the enzyme activity 
in viro following DFP administration. 

Results. Patient 1 (H. G.) had n^a- 
sthenia gra4ds of 4 years 
outstanding symptoms were difficulty m 
swallowing and speaking, and 4 \ea^e.s o 
arms, legs, neck and ej^ehds. 
therapy had included irradiation over the 
re'^ion of the thymus gland and neostig- 
rnffie Electromyographic studies coupled 
^-ith characteristic neostigmine, quinine and 
erjdhroidine tests confirmed the dia^osis 
o?myasthenia gravis. This patient showed 
a dramatic improvement after the admmis 
! of 7 mE. of DFP intramuscularly 

over a pedod of 5 days, as judged by subjec- 
tive smptoms, general appearance and hand 
Ka^Lter performances; no objective 
tlSS: ccfmparison .-ith neostigmine 


Since this procedure resulted ® almost com- 
plete return of strength, the patient 

her lids, double vision, ears 

and swallowng, and hmb g she 

before this study. For the past 3 
had been taking 15 mg. of nn of 

mide 6 to 8 times daily been able 

therapy; under this The 

to continue in her secretanal 
electromyograph, a^Tth^'d*^ dj mamic 

trin (curare) tests, srd the E •(..‘-eofmi'a- 
finger tests revealed a tjTical P s 

sthenia grains. This patien 
prolonged course of patient- 

DFP therapy both as an m and P ^bve 
As a rule, marked subjective a 
improvement followed tient, 

hundreds of tests done up i„ 

several representative result 

Table 2. The static and “ Jjes i®' 

indicated that the ® st to the 

proved upon DFP treatment 

same degree as 

(Table 2). During DFP tberapj . 

able to lead a normal life i 

without neostigmine for 2 ^ counts of 

she had formerly y 

120 mg. neostigmine position as 

ever, when she returned to ner 
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secretary and typist, she was unable to per- 
form a full day’s work without additional 
neostigmine. During a 3 week period, she 
received 1 or 2 injections a week of 2 to 
3 mg. DFP intramuscularly. On the day of 
the injection she required little or no neo- 
stigmine, but within 1 to 2 days, 40 to 
GO mg. daily were needed. Attempts to 
increase the dose of DFP intramuscularly 
led to severe nausea and vomiting. Later 
she was given daily oral doses of DFP, and 
this served to reduce the amount of neo- 
stigmine needed. This patient requested 
prolonged treatment with DFP because of 


visual blurring completely. Physical exam- 
ination revealed ptosis of the right upper 
eyelid and weakness of the right inferior 
oblique and right inferior rectus muscles. 
The left eye was normal. 

This patient had myasthenia gravis limited 
to the right eye since muscle function tests 
done upon the hands and fingers revealed 
no weakness even with prolonged testing. 
Consequently the comparison of the effec- 
tiveness of DFP and neostigmine was carried 
out entirely upon the extraocular muscles. 
Measurements were made before and 30, 
35, 45 minutes and 0 hours after injection 


Tabi.e 2.— Eri-ECT of Neostigmine .\.nd DFP Upon Muscle Function Tests in Patient 2 (S. C.) 

% of possible ni!i\imum 
by 10 spcond periotl*- 
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* Svi? umloi Methodn for cvpliumtioii of omi-"iioii of (•liohin.Tn‘.i. following iii'oeticmiiu- 


Tahli; 3.— Effect of NEosTiciMiNu and DFP on Myasthenic ExTiufici’i.Ait Muscles 

IN Patient H (L. G.) 
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the overnight effect of the dnm; .she felt 
much less weak upon awakening each morn- 
ing than when maintained on neostiinnine 
alone. In this patient. DFP definitely 
ihicevl the simuUaiuanis neo-tiinnine icipiire- 
inent. but could not replace it entirely In*- 
raU‘-e of the devt'lopmcnt of nausea and 
voiuitinc (not always controlhal by atropine'). 

/’(ifi'cfif (I,. C.l had complete pto-is of 
his riuht eyelid a'^'sH'iatixl with markixl 
vivual Murrim: when tin'-' lid was propp’d 
oj-H'u. Piwious th.erapy h.ad tvnsisttxl of 
the admini-traiicn of l.'> me. of m'O'lirminc 
bnunidc •> times daily wluch relic v»xl this 
ptos-.v jp l-m.;*' pcirt but did not relu ve h.;» 


of l.ti mil. neostigmine on each of 3 occa- 
sions. On different days, niea^^urements 
were marie before and after th(> intramuscu- 
lar injection of 3 mu. of DFP. In addition 
the width of the palpebral fissure^ was meas- 
urer! before and after each injectirui. Tlie 
results are recorded in Table .3. 

It is evident th.at ni’ostitrmiiie ha<I onlv 
a slight effect ujvui tin* mvasthenie evtr.a- 
ocular imiscjes, but a 'lefinite e.ffert ufKU) 
the levat'>r palj>’branim. DFP h.ad ps-c 
effect than nt'^stiemine on the extraoc'ilar 
muscles; ar.il th.e lev.at/'r r!e^;,ite tlm fact 
th.at lar^c enouch atimuius DFP we.'" 
civ.-n to CTiUs.-. naus-a aici 
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ing. Tlioiigli less powerful, the DFP action 
was more prolonged, and some effects per- 
sisted for 24 hours ^vhe^cas that of neo- 
stigmine was gone within 6 Imurs. It is of 
interest to note that local administration 
of neostigmine (by iontophoresis of a 5% 
solution through the right lid) produced 
definite improvement locally for less than 
6 hours. 

Palicnl 3 (R. G.) had marked muscular 
weakness throughout her body for the past 
2 j'ears. She had great difficultj’ in speaking 
and swallowing and on several occasions 
had experienced attacks of dj'sjinea and 
tightness in the chest. Her therapj' has con- 
sisted of 6 to 7 h 3 ’podermic injections of 
0.5 mg. of neostigmine methjd sulfate and 
two 15 mg. oral tablets of neostigmine bro- 
mide daily. The electromj’ogram, static 
and djmamic finger tests, and maximal 


to 3G hours. The patient refused further 
treatment; she died at home G months later. 

Palicnl 5 (R. W.) had severe myasthenk 
of 7 j’ears duration. In the past 2 months 
she had several periods of respirator)’ failure 
and asphyxia. She had been taking 15 mg. 
of neostigmine orally’ every’ 3 hours during 
the day’ and every’ 6 hours at night. Re- 
cently she failed to get relief from even 
30 mg. of neostigmine orally and hj’poderraic 
injections have been required several times 
daily’. The electromy’ogram, static and 
dynamic finger tests and hand dynamometer 
tests were all confirmatory’ of the diagnosis; 
these returned toward normal following an 
injection of neostigmine. 

A comparison of the effects of neostigmine 
and DFP upon this patient are shown in 
Table 4. fifyasthenic sj’mptoms were so 
severe in this patient that control studies 
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60% 

6/29 

DFP 

2,0 i.m. 
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10 

40% 

7/19 

DFP 

4 oral 
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45 

43 

43 

57 56 . . 

81 
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20 
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2S% 


breathing capacity were all indicative of 
severe myasthenia gra\’is and all of these 
improved markedly follou’ing the injection 
of 1.5 mg. of neostigmine methy’l sulfate. 

After an injection of 2.5 mg. DFP' (in 
w'ater) intramuscularly’, she became nau- 
seated and vomited several times. She 
complained of dizziness, light headedness 
and faintness. Attempts to obtain objective 
measurements of strength of her finger or 
respiratory’ muscles failed because of weak- 
ness, malaise and inability to sit in a chair. 
Dynamometer readings were 0. She was 
given neostigmine every 2 hours again and 
after 36 hours had regained her previous state 
of strength. 

In this patient, incapacitating side effects 
of DFP in small dosage prevented an ade- 
quate therapeutic trial w-ith this agent. It 
was apparent, however, that it was unable 
to substitute for neostigmine even for 
4 hours, and that its side effects lasted 24 


could not be performed uith all drugs dis- 
continued. However, upon 1 occasion, neo- 
stigmine was mthdraum for a period of 
6 hours; this led to extreme weakness. As 
shown in Line 1 of Table 4 the static finger 
test at this time was only’ 9% of the_ maxi- 
mal possible contraction, the dynamic test 
was 15% and the dy’namometer reading 
was 0. The next 4 lines of Table 4 shoe 
the values recorded upon 4 different days 
15 to 60 minutes after the injection of 1 an 
1,75 mg. of neostigmine intramuscularly , 
marked improvement is evident. The. las 

3 lines present the values recorded follonang 
the administration of DFP; in each of mese 
no neostigmine had been given for 3 

4 hours. It can be seen that, while xl 
produced considerable improvement i" 
the tests as compared ndth the ^ con to 
values, it never improved the patient’s sta i, 
dy’namic and dy’namoraeter scores to 
e.\'tent that neostigmine did. However, 
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respiratorj'' muscles were maintained in rela- 
tively good strength by DFP, despite a 
more marked decline in the second of the 
two 15 second periods. 

This patient was highly cooperative and 
intelligent and it is felt that she performed 
to the best of her ability at all times. In 
this case, DFP was unable to substitute 
even in part for neostigmine (see discussion). 
This patient was returned to neostigmine 
therapy, but died in her sleep at home a 
few weeks later. 


DFP given alone (even to the extent of 
lowering red cell cholinesterase to 5% and 
of producing nausea and vomiting) was 
never able to raise the scores to the high 
levels attained following the addition of 
neostigmine. This table indicates that com- 
bined therapj' of DFP and neostigmine may 
jdeld more improvement than either drug 
alone. This patient died at home 1 month 
later while on neostigmine therapy. 

One experiment upon this patient raises 
some pertinent questions regarding the 


Table 5.— Effect of Neostigmine and DFP Upon Muscle Function Tests in Patient 6 (A. D.) 
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Patient 0 (A. D.) had double vision, diffi- 
culty in swallowing and talking, and gen- 
eralized weakne.ss. She had never had neo- 
stigmine therapy. Her myographic, electro- 
myographic, static and dynamic finger, hand 
dynamometer and maximal breathing capac- 
ity tests were all indicative of myasthenia 
gravis. Intocostrin (curare) and eryth- 
roidine residtcd in marked we.aknc.ss in one- 
tenth the dose required to produce lid ptosis 
in nonnal individuals and her symptoms 
and tests improved greatly after an injec- 
tion of 1.0 mg. neostigmine methyl sulfate. 

In Table n are shown the scores attained 
after neostigmine on each of 0 days ami tho.s-e 
achieveil after Dl'P had been administered 
alone mi eacli of .‘Ulays, AVith the e.vception 
of that civen on .\pril lOt.5, all dosi^s of 
lU'o.-tiinnine were admini-.tered after .some 
DFP had been iniivUsl and the plamia and 
ri\l cell <'holin(''terasp were already at a low- 
level. It ean be s^vn that the administration 
o' DIP Was lollow ixl I'Vseoresas Inch as that 
pwaiueial by ond ms'-tiemine on Ajiril 2.'t. 
Ficnre I illu-tmte.; the impix-ivesnent shown 
in her work tt'^tv aft-r Ilpp. However, 


mechanisms of action of DFP and neostig- 
mine in the treatment of myasthenia gravis. 
After treatment with DFP for a month, the 
pla.sma cholinesterase was 0 and the red 
cell cholinesterase was 149ir of normal; never- 
thelc.ss the jiaticnt was extremely weak (sec 
Table G and Fig. 2). Xeostiemine admin- 
istered at this time improved her strength 
markedly. DFP administered .5) hours 
later (after the neostigmine cfTect had appar- 
ently worn off) failed to produce further 
improvement. It has already been pointed 
out that DFP may be inefTcctual if given 
after neostigmine’'’ and this may account 
for its failure at this time. The reverse is 
not tnic, however, for neostigmine produnnl 
a considerable return of function at a time 
when the patient had been administ/Teil 
full doses of DFP. .and the pla-nia and re<i 
cell cholinesteraso were very low. This 
indicates either that blrv^I clmlme-torase ^ 
levels ;-,re no index of muscD choline-tcras/. 
or that noi-tigmine .art- by -'unr mf-"}!.an:'ni 
otb.er tlian by inartiv.ating r!iohijr--tc.-rw’. 
Thi- jviint i- di-.-nv,.r.f; Fdo r. 
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Patient 7 (N. A.) had developed weakness 
of her arms, legs and eyelids and difficulty 
in chewing and swalloAving 14 years previ- 
ouslJ^ Her disease has not progressed for 
2 years. An injection of a small amount of 
erj’throidine aggravated her weakness. Her 
electromyogram was atypical in that the 
first 3 action potentials of each series in- 
creased following supramaximal repetitive 
nerve stimulation (similar to the process of 
facilitation described bj' Harvey ct al.' in 
his patient B. W.). The static and dynamic 


finger tests and the hand d 3 Tiamometer tet 
revealed marked muscle weakness. How- 
ever only slight improvement followed the 
administration of neostigmine. This patient 
could not be classified at this time as a t}T)i- 
cal case of m 3 'asthenia gravis. She was 
gi^'en DFP onl 3 " in the hope that some un- 
expected improvement might result. Sub- 
jective and objective studies showed no im- 
provement or deterioration in her condition 
following DFP, except for occurrence of 
more side effects with the latter drug. 


T.\ble G. — (Comparison of Effect of Di-isopropyl Fluorophosphate and Neostigmine on 
Muscle SmENOTn and Blood Cholinesterase) 
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Fir 2 —Dynamic (upper records) and static (lower records) work tests on Patient 6 . Th ” ^ 5 . 
fnnner and lower) was recorded at 9:30 a.m. At 11 a.m., 1 mg. neostigmine was recorded 

culTrly the second pair of records was recorded 45 to 60 minutes later. The third pair . j,p 

at 4-30 P M. when the neostigmine effect had largely worn off. Immediately 
wL gb-en orally and the last pair was recorded at 10 p.m. For further discussion, see text. 
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Discussion. It has been shown by these 
studies that DFP, an anticholinesterase 
agent entirely unrelated chemically to 
neostigmine or physostigmine, is capable 
of increasing muscle strength in some 
myasthenic patients. Since the only de- 
tectable effects of DFP administered in 
low dosage appear to l)e due to its anti- 
cholinesterase activity,'*’'® this reempha- 
sizes that the fundamental defect in myas- 
thenia gravis is intimately related to a 
dcffciency of acetyl choline and that its 
symptomatic treatment is likewise related 
to the maintenance of adequate acetylcho- 
line levels at the myoneural region. This 
“deficiency” of acetylcholine may be due 
to inadequate synthesis of acetylcholine or 
to the presence of an antagonistic curare- 
like substance; this investigation contrib- 
utes nothing to strengthen or weaken 
either of these concepts. 

However, it does raise the (juestion as 
to the meehanism of action of neostigmine; 
for ample subjective and objective evi- 
dence has been jiresented here to show 
that DFP docs not restore muscle power 
in myasthenic patients to the same degree 
as (iocs neostigmine. These observations 
have been confirmed by Harvey and co- 
workers® who found that intraarterial in- 
jections of DFP into localized areas did 
not produce the full improvement in 
strength and in muscle action potentials 
that neostigmine did. The question arises 
as to why DI'P, which is eajiable of lower- 
ing plasma and red cell eholinesterase 
activity to zero, affords less symptomatic 
relief to myasthenic patients than does 
neostigmine (the decreases in cholinester- 
ase activity following neostigmine, though 
not determined prix-isely. were apparently 
not of this magnitude), .''everal e.vjffana- 
tions may be ailvaiu'ed for this unexpc'cted 
finding. First, it is p<wsil>li. that the 
distribution of these ('omponnds in the 
he>dv is gre.-itly inffuenct'd by their physieo- 
ehemie.’d pn^pertios. DFP is highly lipoid 
soluble vhereas tuM'tigminc h.ns a liigh 
aqiu'otis solubility. Thus. DFP may read- 
ily gain am'"- to nervous ti-^-ue in exp-ri- 
tnenial animal'.' and uurmal 'ubjo-t' 


and myasthenic patients receiving DFP 
may show evidence of central nervous 
effects, an action not shared by neostig- 
mine in ordinary doses.'* It is possible 
that neostigmine may have a negligible 
distribution in the central nervous sy.stem 
whereas it might readily gain intimate 
contact with the myoneural junction. In 
support of the view that the relative 
therapeutic efficacies of DFP and’ neo- 
stigmine are the result of differences in 
drug distribution throughout the body arc 
the observations of Harvey cf al^ When 
large amounts of DFP were injected into 
the brachial artery of myasthenic patients, 
muscle strength and muscle action poten- 
tials were improved far more than by 
systemic administration of the drug. Thus 
it may be assumed that when a sufficient 
amount of DFP gains acce.ss to the myo- 
neural junction, muscle .strength is im- 
proved almost but not entirely to the same 
extent as by neostigmine. Unfortunately, 
doses of DFP large enough to produce 
.such improvement throughout the body 
cannot be given .syslemically because of 
the untoward effects of DFP in large dose.s 
upon the ga.stro-inte.stinal tract and ner- 
vous .system. 

A second explanation might be offered 
for the finding that neostigmine is more 
potent than DFP -in the relief of myas- 
thenic symptoms. Neostigmine may have 
in addition to its anticholinesterase proper- 
ties a direct action upon skeletal muscle 
that is not shared by DFP. Few unc<juiv- 
ocal experiments have lanm j)erformed to 
settle tlie (pK'stion of whether din'ct mus- 
cular effects are produced by anticholin- 
esterase agents. .<o far as their effect' 
upon the circular muscle of the iris i' 
eoneerned. it has been shown by .\nd(Tson 
for physostigmine’ and more n^eently }>y 
lycsipold .and f'oniroe for rKvi'ticminc.” 
and for DFP’= that tliC'C dnics become 
incapable of i)roducing pupili.ary (a)n=iric- 
tion when the iris is cut off from tonic 
pamsymp.athctie impulses by eili.ary pan- 
plioncctPiny. So far as skeietal jiui'cle 
i' eonci’rne^]. Uaneley .ar.d Kato” we.n- 
unable til ♦ji’ti'ci any iiuitr.irtjnn f'f d* - 
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nervated gastrocnemius muscles following yield figures that are considerably above 
tile application of physostigmine. How- or below the actual enzyme activity in 
ever, Brown and Harvey^ noted that the body, depending upon numerous fa^ 
physostigmine produced increased con- tors such as dilution, pH and time, 
traction of the denervated cxtraoctdar The evaluation of DFP as a therapeutic 
muscles, though this effect was not noted agent in severe myasthenics is compli- 
when other skeletal muscles were employ- cated bj’' the fact that neostigmine protects 
ed. More recently Hiker and co-workers** cholinesterase from inactivation by DFP. 


stated tliat they have demonstrated a 
direct action of neostigmine upon striated 
muscle fibers. Clearly further quantita- 
tive comparisons are needed of the direct 
effects of physostigmine, neostigmine and 
DFP upon skeletal muscle. 

The fallacy of relating the effects of an 
anticholinesterase agent upon plasma cho- 
linesterase to its pharmacodynamic actions 
has alreadj"- been pointed out.®-’* The 
above studies show that it is equally falla- 
cious to judge therapeutic efficacy by this 
criterion. Human plasma cholinesterase 
is more highly susceptible to inactivation 
by DFP than is human brain or muscle 
cholinesterase.®'*® Thus, even neglecting 
the added complications of bodily distribu- 
tion. plasma cholinesterase would be 
largely inhibited before tissue cholinester- 
ases are significantly affected. Moreover, 
cholinesterases in different tissues vary so 
greatly in their rates of regeneration fol- 
lowing inactivation by DFP®'*® that the 
enzymatic activity in- one tissue cannot 
possibly be estimated from the analysis 
of another even tliough their susceptibili- 
ties to inactivation are similar. Thus, 
the measurement of the cholinesterase 
activity of erythrocytes affords no knowl- 
edge of the status of muscle or brain 
cholinesterase when DFP is given over a 
period of days even though the sensitivi- 
ties of the enzjunes at these varied sites 
fall in the same range. 

It has been shown that the DFP-cholin- 
esterase complex is not readily- reversible 
and dilution has no effect upon this reac- 
tion. We have already- pointed out the 
uncertainties in using the determinations 
of cholinesterase activity- after neostig- 
mine therapy; the in vitro analy-sis of 
cholinesterase values in blood taken fol- 
lowing neostigmine administration may 


Koster*® first demonstrated that animals 
which had received phy-sostigmine vere 
more resistant to the lethal actions of 
DPP. Leopold and Comroe*® have shown 
that previous ocular administration of 
phy-sostigmine prevented the characteristic 
prolonged intense miotic action of DFP, 
administered at the time of maximal neo- 
stigmine miosis. Our Patient 5 (P. W.) 
could not be deprived of neostigmine for 
more than a few hours and it is possible 
tlrat the presence of tliis reversible inhibi- 
tor blocked the effects of subsequently 
administered DFP. This fact may have 
some bearing on the failure of DFP in 
patients with myasthenic symptoms so 
severe that neostigmine can never be dis- 
continued. Harvey- and co-workers have 
confirmed this by- demonstrating that tlie 
intraarterial injection of DFP failed to 
produce its characteristic prolonged effect 
in patients who bad received neostigmine 
a short time previously-.® 

From the practical point of view, DF 
possesses one main advantage, namely its 
prolonged action. This may- enable a 
patient to avoid marked fluctuations in 
strength during the day-time and 
awaken in the morning with considera 
less fatigue than if the short-acting neos 
tigmine alone is used. In our experience, 
simultaneous use of DFP and neostigmn*® 
often resulted in a definite reduction o 
neostigmine dosage and this combina ion 
may- prove to be useful in the treatroen 
of myasthenia grar-is. However, in * 

of the marked gastro-intestinai distiu 

ances produced by- DFP it is obvious 
a compound with a more specific 
on the my-oneural junction is 
Such an agent mav- be found among 

, „<■ dFP wliica 

many- possible congeners oi l/i ^ 

are under investigation. 
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It has been our experience from this 
study that an evaluation of the effective- 
ness of drugs in this disease can only be 
made after considerable experience in the 
design and interpretation of objective 
tests has been acquired. Spontaneous 
remissions in myasthenia are too frequent 
and unpredictable to permit assay by the 
patient’s subjective impressions alone. 
Patients with myasthenia gravis want 
desperately to get well and the psychic 
effect of any new measure (medical or 
surgical) may be tremendous. 

Conclusions. 1. Di - isopropyl - fluoro- 
phosphate (DFP), though entirely unre- 
lated chemically to neostigmine, is capable 
of loAvering plasma and red blood cell 
cholinesterase activity in man to a marked 
extent and for prolonged periods, and of 
improving muscle strength in patients 
with myasthenia gravis. 

2, DFP was used in the treatment of 
7 patients with myasthenia gravis. Two 
patients received little or no benefit from 
DFP, 2 received considerable improve- 


ment, 1 received marked beneficial effects 
and in the other 2 the effects were ob- 
scured by peculiarities in the natural cycle 
of the disease. In no case did the objec- 
tive or subjective improvement following 
DFP equal or exceed that produced by 
neostigmine. Attempts to give larger 
doses of DFP resulted in marked nausea 
and vomiting, and symptoms referable to 
the central nervous system. 

3. Despite the fact that DFP lowered 
plasma cholinesterase to zero, it produced 
less improvement than did neostigmine. 
The potentialities of a drug for treating 
myasthenia gravis clearly cannot be gaug- 
ed by its effect upon plasma cholinesterase. 

4. The possible reasons for the superi- 
ority of neostigmine over DFP in the 
treatment of myasthenia gravis are dis- 
cussed. 

5. As a practical treatment, DFP may 
be utilized in non-toxic doses to obtain its 
prolonged effect, at the same time that 
neostigmine is used to obtain its charac- 
teristically stronger action. 
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CocciDioiDOMYXOsis IS an infection 
caused by the fungus Coccidioidcs -iinm-ilis. 
It was first reported in Argentina in 1892 
by Posadas'^ and Wernicke,-^ and in this 
country by Rixford'® in 1894. Until 1936, 
the rather common and frequently' fatal 
coccidioidal granuloma was the only phase 
of coccidioidal infection recognized clini- 
cally. At that time, and in subsequent 
publications, Gifford and Dickson*’®-” 
identified “valley fever” or "desert fever” 
as the initial or primary infection ■nn'th 
Coccidioidcs immitis. This had been a 
common but poorly understood endemic 
disease long familiar to residents of the 
San Joaquin Valley in California. Its 
relationship to coccidioidal granuloma was 
thus established and pro%dded the basis 
for present knowledge of the pathogenesis 
and natural history of coccidioidomycosis. 

So far as is definitely known, coccidioido- 
mycosis in this country occurs in several 
rather sharply limited areas. These are 
characterized climatologically by long, 
hot, dry, dusty summers, and a low an- 
nual rainfall. They include the southern 
and western parts of the San Joaquin Val- 
ley' in California, parts of southern Ari- 
zona and western Texas. Adjacent regions 
in Utah and New hlexico with similar 
climatic and geographic features have 
been regarded as probable endemic areas, 
but evidence establishing them as such is 
thus far inconclusi^'e, and they' have not 
been important sources of coccidioidal 
infection. 

Until recently, coccidioidomycosis at- 
tracted little interest among physicians 
in this country for several reasons: (1) 
The source of the infection is confined to 


a few sharply' limited geographical regions. 
(2) Ei’en in such regions, due to the mild- 
ness of the primary' respiratory' infection, 
many' infected persons do not seek medical 
attention. Only' the more severe or pro- 
longed infections are likely' to be seen by 
physicians, and in only' a small percentage 
of these are the necessary' facilities avail- 
able for establishing the diagnosis. (3) 
Much that is new concerning coccidioidal 
infection from a clinical and roentgeno- 
logic standpoint dates from the fairly 
recent publications of Dickson and Gifford 
and has not yet diffused much bey'ond 
investigators and interested phy'sicians, 
who encounter the disease in endemic 
areas. 

As a result of war-time conditions, coc- 
cidioidomy'cosis has assumed considerable 
importance, and its endemicity is no 
longer an excuse for indifference regarding 
it. The Southwest has been an important 
army' training area, and many' installations 
have been established in localities where 
the disease is endemic. This situation 
has provided for a sustained increase in 
the incidence of the disease, due to the 
continuous influx of non-immiine new 
arrivals into such areas. The likelihood of 
exposure is considerable and is increased 
with the duration of residence. The dis- 
ease may' be acquired in an endemic local- 
ity but manifested in a dist.ant non- 
endemic region where it is unknown or 
unrecognized. Such a possibih't.v con- 
fronts those in the military service, their 
families which in many' instances accom- 
pany' them, and innumerable civilians 
w'ho have migrated to endemic regions 
where they' are transiently' employed m 
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various war-time projects. Not a few 
such areas have been and will continue to 
■be attractive winter and health resorts 
with a large transient population of 
tourists and health seekers from various 
parts of the country. Thus, acute or 
chronic coccidioidomycosis may be en- 
countered in individuals far removed from 
endemic areas. Moreover, inactive pul- 
monary residues, such as coccidioidal cavi- 
tation nodular pulmonary lesions may 
persist for months or years in apparently 
healthj'^ persons who may or may not 
give a history of primary infection. The 
recognition and interpretation of such 
lesions is of the utmost importance if 
serious errors in diagnosis, treatment and 
prognosis are to be avoided. AVithout 
a doubt such lesions have been and will 
continue to be a basis for unwarranted 
compensation claims against the Govern- 
ment and might conceivably provide 
some problems in the realm of industrial 
compensation insurance. Knowledge of 
their significance and potentialities ac- 
quired by prolonged observation of such 
lesions is the only basis for an intelligent 
and equitable settlement of such claims. 
.\rmy Medical Officers, A'eterans Admin- 
istration doctors and civilian physicians 
should be sufficiently familiar with the 
disease to recognize it in its A’arious phase-s 
and especially its re.sidual pulmonary 
Ic.sions. 

The purpose of this paper is to enqfiia- 
size; (1) The increa.sing general iin])or- 
tance of the di.«ea.sc and the necessity for 
its recognition wherever it may be encoun- 
tered. (2) To review in the light of our 
own experience th.e salient clinical, labora- 
tory and roentgenologic features of the 
discn.<^e. (3) To sinnmarize the e-^v'cntial 
requirements of diagnosis and to indicate 
the relative value and limitation of various 
diagnostic procedures. 

The ])ri'sent series consists of 77 cases 
admitted to an .\riny Air Force Regional 
Hospital in .‘^otithcni .Arizona between 
.\\igust 1W2 and .August 19-M. in which 
the diagnesis of coccidioidomycosis was 
ctmfirmeil either by coceidioidln serologic 


tests or cultural studies. This number 
affords no basis for an accurate estimate 
of the incidence of coccidioidal infection 
at this installation. It obviously dees not 
include asymptomatic infections or a con- 
siderable number of probable coccidioidal 
infections in tvhich, however, the diagno- 
sis was questionable. All cases were 
sporadic and were distributed throughout 
every month in the year. In tlie months 
from July through Decemb-er, 57 cases 
(74.1 %) occurred, the peak of incidence 
being in August (13%) and September 
(14.3%); 68.8% of the patients were 
white, and 31.2% were colored. The 
incidence among the Negro troops was 
3 times that among the white in propor- 
tion to their relative numher at this 
installation. The period of hospitaliza- 
tion averaged 42 days. 72 patients with 
acute, uncomplicated coccidioidomyccsis 
recovered completely. Of 5 patients with 
dissemination, 2 recovered completely, 
and 1 with dissemination to th.e meninges 
has apparently recovered. Two patients 
with dissemination died. Ten (13%) had 
some type of residual pulmonary lesion 
revealed by Roentgen ray. Of tl.cse, 4 
(5.2%) had pulmonary nodules, and 6 
(7.8%) showed pulmonary cavitation. In 
addition to th.e 77 hiospitalizcd patients 
studied, clinical and roentger.ographic 
material was available on approximately 
200 patients, eliicfly out-patients with 
residu.'d pxdinonary lesions, ob.'^^erved in 
southern .Arizona during ti e j:criod from 
1941 to 1915. These include military 
personnel, civilirn dependents and civilian 
employees. AVhen suitable, roentger.o- 
graphic material from tin's group has I ecu 
used to ilhistrate some of the late l.sirn.'. 
of coceidioidomycosis. 

Clinical Types cf Coccidicidcmyccsis. 
Several clinical types of coccidioidon.'yer.^;!.-- 
arc reexrgnized; .A. The initial or primary 
infection is .always respira.tory and in- 
eurred by inhalation of cblainydespores 
in ccmtaminatcrl dust. It is focalized in 
the lungs, and in most instances ,<=ul sides 
spontaneously and without .'cqiichv. ]t 
may be entirely asymptomatic. Tins i.-- 
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the usual type of infection among residents 
of endemic areas. Subclinical and un- 
recognized, its occurrence in an individual 
may be indicated only by demonstrable 
sensitivity to coccidioidin and uncom- 
monly by residual pulmonary lesions 
revealed by Roentgen ray examination. 
Approximately 10 to 15% of individuals 
m'th 1 year’s residence in an endemic area 
will acquire such infection, and after 10 
years’ residence approximatelj^ 80 to 90 % 
will have acquired the infection.'-*® Of 
200 enlisted men in the Medical Detach- 
ment of the hospital vdth up to IS months’ 
residence in the area and without a history 
of clinical infection, 12.5% reacted posi- 
tivel 3 ^ to the cutaneous coccidioidin test. 

B. The tj'pe most frequentlj- encoun- 
tered clinically is an acute self-limited 
respirator 5 ’- infection manifested predomi- 
nantly as a bronchitis, pleuritis or pneu- 
monitis. It is often clinicallj' indistinguish- 
able from more prevalent non-specific 
respiratory infections or primary’’ atj'pical 
pneumonia, and diagnostic confirmation is 
not obtained ordinarily in civilian practice. 

C. When the initial respiratory- infec- 
tion is associated with allergic phenomena 
such as erj-thema nodosum or erythema 
multiforme it may- be easily recognized 
clinically and has been referred to vari- 
ously- as “San Joaquin Valley- fever,’’ “ des- 
ert fever,” “valley- fever,” and “desert 
rheumatism.” Approximately 18% of 
the cases in our series were of this type — 
6.5% with ery-tliema nodosum and 12% 
with other ty-pes of ery-thematous skin 
lesions. This incidence is slightly higher 
than that reported by- Smith'® and is 
nearer the figures reported by- Goldstein 
and Louie,'® who found erythema nodosum 
in 19% of their patients and in approxi- 
mately- 25% of all cases there were cuta- 
neous manifestations. 

D. ViTiile complete recovery- is the 
rule, in an unknown proportion of cases 
(13 % in our series) the primary infection 
results in apparently benign, persistent 
residual pulmonary lesions, notably ca^-i- 
tation or nodules usually unaccompanied 
by constitutional symptoms or signs and 
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revealed by- Roentgen ray- examination of 
the chest. 

E. In rare instances the initial Infection 
does not subside but becomes progressive 
with widespread lymphatic and hemato- 
genous dissemination. Any or all the 
organs of the body-, with the notable 
exception of the digestive tract, may be 
Involved. The lungs, tracheobronchial, 
supraclavicular and cervical lymph glands, 
the meninges, skin and bone are especially 
x-ulnerable. The clinical features and 
course may- vary- considerably, depending 
upon the e.xtent of dissemination or the 
dominant localization. In the cases ob- 
served by- us, the striking clinical manifes- 
tations were those of generalized miliary 
dissemination in 2, persistent massive 
pleural effusion in 1, pulmonary- and gland- 
ular localization in 1, and meningeal in 1. 
Meningeal localization may be the only- 
demonstrable site of spread or it may be 
simply- a part of a generalized dissemina- 
tion. The disseminated form usually runs 
a protracted course and terminates fatally 
in about one-half the cases. Jliiiary 
tubercles, confluent areas of caseation ne- 
necrosis and ty-pically granulomatous le- 
sions occur in the involved organs. The 
disease may- simulate and at times be 
indistinguishable, clinically- and pathologi- 
cally, from tuberculosis, differentiation, 
depending upon recovery- of the etiologic 
agent. 

It should be borne in mind that the dis- 
seminated phase, in the great majority of 
cases, develops sometime during the acute, 
primary infection and represents a continu- 
ous progression of the disease. Dissemina- 
tion, if it is going to occur, usually' takes 
place within the first few weeks or months, 
and thereafter its likelihood diminishes. 

It should be suspected in the presence o 
prolonged high fever or symptoms an 
signs indicative of meningeal, skeletal or 
cutaneous involvement. The coccidioio'U 
serologic test is of help and may be decisn e 
in detecting dissemination not clinica .' 
er'ident. Dissemination, after sevcra 
years, as a result of endogenous reacti'a 
tion, while admittedly a possibility, mus 
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be extremely rare if it occurs at all. Pres- 
ent available evidence upon this point is 
meager and unconvincing. 

Clinical Features. A. Fain. The most 
frequent, and in many cases, the predomi- 
nant symptom in the acute infection is 
thoracic pain. It occurs in from 75 to 
85 % of patients. In most instances (54.5 % 
in our series) pain is severe and pleuritis 
in character. In 2 instances patients were 
referred to the hospital from the dispensary 
with a diagnosis of fractured rib, although 
no history of injury had been elicited. 
When localized to the anterior chest, the 
pain may simulate anginal pain or the pain 
of acute pericarditis. In approximately 
20% of our patients the pain was sub- 
sternal or constricting in character or 
described chiefly as a dull, heavy sense of 
discomfort. While the acute pain usually 
subsides after several days, it is not un- 
common to note residual vague chest pains 
or aching, persistent or recurrent for 
periods of several weeks to several months. 

Some patients with subpleural nodular 
lesions complained of a dull, boring ache, 
usually referred to the shoulder or inter- 
scapular region, in most instances unasso- 
ciated with evidence of clinieal activity. 
Such pain may persist with v.arying intens- 
ity for several months at a time with 
ultimately spontaneous subsidence. 

B. Fnrr. Fever Avas present in the 
majority of patients sometime during the 
course of their illness. In the ordinary 
uncomplicated cases the average duration 
was ajiproximately 1 week. However, the 
fever was occasionally prolonged, and in 
disseminated cases persisted for months. 
There was nothing characteristic about 
the fcA'cr curve. A fact to remember in 
this connection is that a considerable 
number of patients (89% in our series) 
may be afebrile throughout the entire 
period of observation despite other symp- 
toms and signs such as increased sedimen- 
tation rate and roentgenologic findings to 
indicate activity *)f the disease. 

C. CotKjh. I-ess than half of «*ur patients 
bail any significattt tMugh, and of these 
it> only a su'.all perciMUage was it pmduc- 


tive. Sputum was usually scant, and even 
when obtainable examination for Coccidi- 
oides immitis Avas frequently unsatisfac- 
tory. Examination of fresh preparations 
is not reliable especially in inexperienced 
hands. Sputum e.xamination is limited in 
usefulness by the infrequency Avith Avhich 
satisfactory specimens are aA'ailable in 
acute primary coccidioidomycosis and by 
the tedious cultural methods required to 
identify the organism. Failure to recover 
Coccidioidcs immitis from the sputum in 
cases Avith cavitation Avarrants an attempt 
to recoA’^er the fungus from gastric Avashing. 

D. Cutaneous Lesions. The cutaneous 
manifestations associated Avith coccidioidal 
infection differ in character AAuth the stage 
of the disease. In about 18% of our 
cases Avith acute primary coccidioidomy- 
cosis, cutaneous eruptions occurred. These 
included the typical erythema nodosum 
of “desert fever;” loc.ated symmetrically 
OA'er the pretibial region, and to a less 
extent the thighs, and referred to collo- 
quially in the San Joaquin Valley as “the 
bumps.” This type of eruption occurred 
in 5 (6,5%) of the patients. In a larger 
proportion of cases, 9 (11.7%), a less 
AA'ell-defined erythematous eruption oc- 
curred. Fcav of these Avere fairly typical 
erythema multiforme, but others Avere 
generalized, irregular, papular erythema- 
tous lesions inA’oh'ing the entire trunk 
and sometimes AA-ere distinctly morbili- 
form in appearance. The erythematous 
skin lesions usually occurred within the 
1st Aveek of the initial infection and sub- 
sided AA'ithin approximately 1 to 2 Aveeks. 
Such lesions are associated AAnth hyper- 
sensitivity to coccidioidin, development of 
a liigh degree of immunity and resistance 
to dissemination. In disseminated cases 
granulomatous skin lesions, A'crrucous or 
papillary in character, single or multiple 
cutaneous cold abscesses and indolent 
sinuses may occur. Two of our dissemi- 
nated eases had such lesions. I'rom them 
Cnrcidioide.^ iunniti,'-- may be recoA'cred. 
They are invariably metastatic and indi- 
cate tlisscinination. 
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I*. Arfliriiis. Artliritis has been report- 
ed as occurring in approximately one- 
third of the cases and accounts for the 
term “desert rheumatism.” The involved 
joints have been described as tender, pain- 
ful on motion, and at times slightly swol- 
len. Effu sion ordinarily does not occur. 
Goldstein and Louie'- reported some dull 
articular ache or pain during the course 
of the illness in o0% of their patients. 
These observers noted no swelling or ten- 
derness. and the roentgenograms were 
uniformly negatir’e. Joint symptoms usu- 
ally subside within a month and without 
residual damage or deformity. We have 
been singularly unimpressed with arthral- 
gia as a significant complaint in any of 
our patients, and in none were objective 
joint changes encountered. In fact, ar- 
thralgia, beyond wliat might occur in a 
variety of acute infections, was not ob- 
served. Rosenberg, Dockerty and Mey- 
erding'' state that joint symptoms are 
usually associated with erythema nodo- 
sum. However, Smith'* states that ar- 
thritis may occur without skin manifesta- 
tions while the latter udthout arthritis are 
very frequent. Bone and joint lesions 
characterized bj^ redness, swelling, fluctua- 
tion, adjacent skin lesions with ulceration 
or sinus formation are not infrequent in 
the disseminated form of coccidioidomy- 
cosis. However, u'e encountered none in 
our series. 

While general symptoms of infection, 
such as headache, malaise, myalgia, lassi- 
tude and weakness occur, they are neitlier 
as frequent nor conspicuous as in most 
respiratory infections of comparable sever- 
ity. This observation has been com- 
mented upon by others,® The patients in 
general look and feel better than their 
clinical and roentgenologic findings would 
indicate. This is generally true, not only 
of the acute primary infections, but also 
of the disseminated form in which the 
disparity between the subjective com- 
plaints and objective findings has at 
times been striking. Hemoptysis is un- 
common in the acute type of infection 


although it occurs at times with residual 
cavitation. 

G. Physical Findings. Physical find- 
ings in acute coccidioidomycosis in the 
absence of the cutaneous manifestation.*; 
are of little or no help from a diagnostic 
standpoint. Despite pulmonary involve- 
ment, dyspnea, cyanosis, tachycardia and 
evidence of systemic toxicity are either 
absent or minimal. In contrast to the fre- 
quency of pleuritic pain, a pleural friction 
rub is seldom heard. Rarely, massive 
pleural effusion occurs, but in most in- 
stances the amount of fluid is insufficient 
to detect on physical examination. Sign.s 
of cavitation in the late cases are usually 
absent despite the size of some of the 
cavities. Hilar lymphadenopathy is a 
fairly common roentgenographic finding, 
but peripheral lymph gland involvement 
is not encountered in the acute cases. 
However, in disseminated cases, unusually 
extensive lymphadenopathy may occur. 
In such cases it is usually most marked 
in the hilar, supraclavicular and certdcal 
groups and may progress to abscess for- 
mation with draining sinuses. 

H. Laboratory Findings. Except for the 
cultural and inoculation tests to which 
we will refer later, laboratory studies have 
little in the way of specific value in the 
diagnosis of coccidioidomycosis. There 
are, however, a few findings that are help- 
ful diagnostically or as an index of activity 
of the disease. The leukocyte count ri 
usually moderately elevated. Eosinophihn 
has been noted and occurred in 18 (23.3%) 
of our patients. All of these had eosino- 
phil counts higher than 10%, the highest 
eosinophilia being 29%. Moderate, to 
marked erythrocyte sedimentation rates 
were found in 75 of our patients (97.5%). 
This proved to be the most useful single 
index of acti\dty and persisted in most 
instances long after complete subsidence 
of all the clinical findings with the excep- 
tion of residual Roentgen ra 3 ' findings. 

There is some eridence to indicate that 
coccidioidomycosis occasionall.v ma.v give 
rise to transient, false positive blood sero- 
logic tests for syphilis. Four patients in 
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our series had positive Kahn and Kline 
tests early in the course of their coccidi- 
oidal infection. In none was the Wasser- 
inann test positive. In 3 cases the dura- 
tion of the positive serologic reaction per- 
sisted from 2 weeks to 1 month following 
which the tests became negative sponta- 
neously. None of the patients had a 
history of syphilis, and clinical evidence 
was lacking in all cases. None of the 
more usual causes of false biologic positive 
tests could be demonstrated. In 1 case 
lues could not be excluded, although it 
was improbable. This patient (Case 3) 
had disseminated coccidioidomycosis, was 
critically ill, and although the Wassermann 
was negative, both the Kahn and IClinc 
tests were 4-h on 3 different tests reported 
from different laboratories. Unfortunately 
verification tests were not obtained. Be- 
cause of the possibility of syphilis compli- 
cating the coccidioidal infection, it was 
decided not to withhold antisyphilitic 
treatment. In view of subsequent experi- 
ence, however, we feel that a longer period 
of observation would have revealed the 
true significance of the positive serologic 
tests in this case. The conclusion is obvi- 
ous that great caution must be exercised 
in the interpretation of positive serologic 
tests for syphilis among patients with 
coccidioidomycosis. RcasoTiably prolong- 
ed observation and verification tests are 
indisjwnsablc in the solution of this 
problem. 

Roentgenologic Features. (iKNr.UAi.. 
Many physicians think of coccidioidomy- 
eosis as a disease which mimics tuberculo- 
sis. This generalization must be qualified 
by recognition of the of the fact that it is 
a disease which may simulate various 
types of acute pneumonic lesions in its 
oarlior phases, and later may prc.=ent film 
evidence which is similar to that in vari- 
ous forms of lymphoma, metastatic malig- 
nant lesions and pritnary malignant Ic- 
-^iens. Bone lesions are ab.scnt in the 
primary jdia-e of coccidioidomycosis, but 
in the tlisseminated type skeletal lesions 
mayreseml'le various rcopla''tic lesions of 
the skeleton, noji-ttibemdous ovtiMinyeli- 


tis and periostitis and other destructive 
lesions of bone and cartilage in addition 
to tuberculosis. 

Roentgenologic findings of this disease 
have been presented^"^’^^'^" ”^ in medical 
literature of recent years. Comprehensive 
reviews of the literature are available in 
recent publications.®-^ It is desired to 
stress in this discussion certain salient 
features of roentgenographic nature and 
to summarize information obtained by 
the study of patients with acute and late 
coccidioidal pulmonary lesions. A ten- 
denej”^ for primary pulmonary coccidioido- 
mj'cosis to follow one of five general pat- 
terns has been observed on the basis of 
serial film studies extending over months or 
years. A finding of interest is the seasonal 
incidence of new cases as reflected by 
records of the Roentgenologic Service. 
For example, recently in 12 consecutive 
months, during the period from May to 
October inclusive, 75 new cases were ob- 
served, while during the months from 
November to April inclusive only 3S new 
cases were encountered. The short incu- 
bation period (8 to 15 days) accounts for 
the close correlation of Roentgen ray and 
clinical signs to the months during which 
hot dry weather is prevalent. 

Roentgenologic Findings in Primurg Coc- 
cidioidomycosis. In the primary phase of 
this disease it is well agreed that Roentgen 
ray findings arc limited to the thorax. 
Patients may complain of arthralgia in 
the initial days or weeks of their illne.s.s. 
but film evidence of organic change in 
skeletal stnictures at this time is lacking. 
Roentgenologic findings are variable a.s 
summarized in the 77 hospitalized cases 
indicated in Table 1. Attention is called 
to a small group of patients (2.G9c') who 
were hospitalized for coccidioidomycosis 
but in whom no Roentgen ray signs of 
the disease could be recognized despite 
knowledge of characteristic clinical find- 
ings such as erythema nodosum and evi- 
dence of acti\nty of the disease by skin 
testing and by serologic studies. On th.c 
other hand, knowletlge gleaned from sinclc 
films or the aggregate of findings on serial 
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films sometimes identifies involvement as 
coccidioidomycosis before other positive 
e\adence appears. From the Roentgen 
ray viewpoint an element of confusion 
arises from the fact that a patient may 
first be examined in almost any phase of 
the disease. If such a patient is filmed 
at the onset, the pulmonary findings may 
be exactly the same as would be expected 
from the acute bacterial and virus pneu- 
monias. This group of early cases has 
presented a recurrent problem, which has 
been solved onlj' by serial films and by 
the combination of roentgenographic and 
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oidomycosis the differential diagnosis on 
the basis of a single film may be impossible 
because of the similarity of the lesions to 
Ijunphoma, secondary malignant foci, or 
tuberculosis. 

A. Pneumonias. Acute pneumonitis in 
coccidioidomycosis maj"^ be nothing more 
than minimal increase in soft tissue promi- 
nence in one hilar area, or barely percept- 
ible obscuration of hilar detail on one or 
both sides. This is a group of lesions which 
is easily missed on the basis of film evi- 
dence alone because of unde variations in 
prominence of hilar areas among normal 



Fig. 1. — A, Acute bilateral pneumonitis. Minimal effusion, left. Hilar prominence bilaferallj. 
predominantly left. B, After 15 daj's. Note tendency for nodular configuration opposite 
end of 5th right rib. Persistent bilateral hilar accentuation. Increase in fluid accumulation m Ic 
pleural cavit 3 '. Findings disappeared after additional 3 months. 


clinical findings to achieve accurate dif- 
ferentiation, One can safely state that 
early primary pulmonary coccidioido- 
mycosis and primary atypical pneumonia 
are 2 conditions which may produce a 
variety of similar appearances in the lungs 
and pleune. 


Tabi.b 1. — Types of Lesioxs ix Pbijuby 
Coccidioidomycosis 

Per cent. 


Pneumonitis . 
Adenitis 
Caidtation 
Nodules 
Pleura! cffuMon 
Negative chest film 


70 0 
23 3 
7 S 
5 2 
2 C 
2 (i 


If a patient is seen somewhat later in 
the primary phase of pulmonary coccidi- 


persons. Aid is gained by comparison 
with the opposite hilus if the lesion ap- 
pears to be unilateral, or by serial films, 
or both. More easily detectable pneu- 
monic infiltration may be found in the 
perihilar area, or it may be subpleural. 
A dependable point regarding distribution 
of pneumonic foci is the fact that con- 
solidation of an entire lobe is erfreme.' 
rare. ^Multiple areas of infiltration ma.' 
be visible in 1 lobe or in all lobes bilater- 
allv at the time of onset of the disea-'c 
(Figs. I, 2, 3). Early pneumonic infiltra' 
tion of lungs or hilar areas may r&o'e 
completely within 1 to 4 weeks. nn 
monly, complete resolution does not 
even though partial resolution is the m 




659 


SWEIGERT, TURNER, GILLESPIE: ASPECTS OF COCCIDIOIDOIMYCOSIS 


during the early weeks of the initial 
involvement. Once partial resolution has 
appeared the future pattern of involve- 
ment will depend on whether healing and 
fibrosis remain predominant or whether 


about the time the initial acute pulmonary 
infiltration begins to recede (Figs. 1 and 2). 
A significant fact in connection with 
adenitis is that prominent nodes may 
appear in both the hilar and mediastinal 



Fig. 2.— a, Admission film revealed scattered focal acute pneumonic infiltr.ation in all lobes bilaterally, 
with slight bilateral hilar prominence. B, After 17 days. Pneumonic foci had partially resolved, with 
more nodular appearance. Hilar involvement, particularly on left, showed marked inrrea=o. Ton 
weeks later this patient showed no significant residue in the thorns. 



Fig. .3. — A, Initial study of Nov. !•}, 10-J2, rovoalcd acute pneumonitis, lateral left mid-lung, right 
lateral subapical area, right b.ase, and continuous with lower pole of right hilus. Mcdia-;(inal adenitis 
pre-ent. B, Film S months later show.s residual c.avitation oppo-itc anterior end of 2nd right rib. 
re-idual nodule oppo-itc anterior and 7th right rib. with decrc.ase in hilar and mediastinal adenitis! 
Excavation, nodulatiou and adenitis were all observed in this 1 patient, with iiersistence of nodules and 
eavitie- for more than 21 years. 


foc.tl necrosis of lung tissue occurs (see 
Chnrt 1). 

B. .It/rm’bV. Hilar and mediastinal 
adenitis arc frequently observed with 
variable tlegrees of volumetric increase in 
soft tissue in t hese areas. Quito commnnly 
the adenitis becomes more apparent at 


areas, with subsequent complete return to 
normal and with no evidence of the dis- 
seminated phase at any time. 

C. Caritaiioji. In observing patients 
with this disc.'tse one commonly encoun- 
ters 2 distinct mechanisms of ca\'ity 
formation (see Chart 1). A pneumonic 


660 


SWEIGERT, TUJtNEli, GlhhESPlE: ASPECTS OF COCCWIOWOUYCOSIS 


lesion may partially resoh'e, leaving peri- 
bronchial infiltration of fibro-exudative 
appearance. «'hich seems to develop focal 
necrotic alteration. This type of cavity 
is ordinarily quite thin-valled and is 
likely irregular in contour (Figs. 4 and 5). 
These cavities frequently persist for more 
than a year and may vacillate in size to 
the e.xtent of increasing in volume after 
hatdng decrea.-^ed markedl.v. Closure is 
assumed to occur as a result of predomi- 


areas other than upper lobes in patients 
with this disease than in those ttith 
tuberculosis. 

The other mechanism of cavity forma- 
tion will be further discussed in connection 
with nodule formation. 

An example of an irregular thin-walled 
cavity, which tvas regarded as similar to 
cavitation of coccidioidomycosis, is pre- 
sented in Figure 6. Despite the similarity 
of film appearance, serial films and films 


- FRIltARY PHASE 



Chart 1 . — Schematic representation of possible courses for resolution and progression of coccidioido- 
mycosis as observed roentgenologically. 


nance of fibrosis over further necrotic 
alteration and then bronchial occlusion 
with absorption of air from the interior of 
the cavity. Once complete closure occurs 
in a cavity of this type it is rare for it to 
reappear and ordinarily there is less ten- 
dency for appearance of u new area of 
e.xcavation in the adjacent vicinity tluin 
would be true in tuberculosis. Another 
generalization in connection with camty 
formation in coccidioidomycosis is the 
well-marked tendency for cavitation in 


made prior to entry of this patient into 
an endemic area revealed that a pulmon- 
ary lesion existed before any contact witn 
Coccidioidcs immiiis was po.ssible. The 
nature of tlie cavjt\‘ was finally deter- 
mined by repeater! sputum studies and h.' 
the appearance of tubercle bacilli at «' 
time when the patient experienced an 
intercurrent upper respiratory infection. 

D. Kodidcs. If sufficient serial films 
are obtained on patients wlio'have areas 
of pneumonic infiltration, one will 
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quently observe nodule formation. These 
nodules correspond in location to a pre- 
viously visible patch of pneumonic density' 
of greater volumetric extent. Many of 


sion of the center of such a nodule a 
cavity appears. A cavity of this type is 
commonly more nearly round in contour 
and is likely to have a thick wall (Figs. 7, 



Fig. 4. — A, Excavation in area of previous fibro-exudative peribronchial residue. B, Same case 
7 weeks later. Rapid disappearance of cavity with minimal residual peribronchial accentuation. 



Fiu. .'>.-P.\. %ien of c.avity in left upper lol>e. Cavity known to have been iiatem for more than 
IS tnonth-. Variable .-ire of cavity at difTerent time-. Thi- i- the tyi>e of irrecular thin-wallcd excava- 
tion which <ieve!oi)- m area- of fibro-exudative peribronchial reaction rather tlian from necro-is of 
the center of a nodule. 


thc-c nodulc.s .slowly comnict and over a 
poriotl of months may disappear com- 
plctoly without traev. Oth.or nodules evi- 
dently undergo neen.'<ls and with extru- 


S, 9). Cavities which appear in nodules 
do nor ortlinarily e.xcccd 1 per patient. 
-Again it i.s noted that cavities which ari.«e 
in nodules are frequently encountered in 
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lower lobes and in the right middle lobe, 
rather than being limited to upper lobes. 
The appearance of ca^dtation in coccidi- 
oidomycotic nodules which otherwise close- 


exclusion of metastatic carcinoma. Since 
these nodules have been observed to per- 
sist for more than 2| years, as in the 
example shoi;\'n in Figure 3, it seems cer- 



Eig. 6. — Cav-itj', right upper lobe, -nith minimal reaction. Onset of pulmonary symptoms before 
entry of patient to endemic area of coccidioidomyeosis. Repeated sputum studies re^eaIcd acid-fast 
organisms. 



Fig. 7. — A, Large nodular lesion, ivith central excavation. “Doughnut” type C3\itj" split dial, 
lordotic apical x-iews in AP and PA positions. B, Enlarged xnew of cavitj-. Center of nodule no 
longer excavated 11 months later; size of nodule markedlj’ reduced, indicative of predominance o 
healing and fibrosis over further necrosis. 


]y resemble metastatic neoplastic lesions 
may be cited as a differential diagnostic 
feature (see Fig. 9). In non-excavating 
nodules there is often no film indication 
of etiology and no method for positive 


tain that they will be observed in con- 
nection m't h planned mass surveys ^ o 
chests to be accomplished in the romme 
years. .V Iiistor.v of exposure to ‘ 
oidcs imviUis and a positive coccidioi m 
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skin test in such patients may serve as a 
practical sorting routine in rounded or 
nodular soft tissue densities detected in 
lungs of patients who have been in 


well-advanced fibrosis and good progress 
toward healing. Such deposition of cal- 
cium in a soft tissue nodular lesion of the 
chest would be an exceptional finding in 



Fig. 8.— View of cavifci’^ in iiRlit uppei lolie. Same patient as FiRiire 3. Patency of cavity for more 

tliaii 2j yoais obscived in serial films. 



I'n.. 0. — .1. Nodule in lateral snhipical recion. Clinical sipns of active coccidioidomycosis. B, 
Detail view to sfinw e^ca^atlon m nodtile. One year later this patient, a female ape 24,'w.as found 
to ha\c a scirrhous carcinoma of the stomach. E\ca\-ation in center of pulmonary nodule and positive 
clinical fiiidmcs of coccidioidomycosis .aid in exdiidinc the possibility of a met.a=t.atic neoplastic le-ion. 


endemic areas, and thus avoid unneces- 
sary liospitali'/ation and diacnostic pro- 
eeduu's. 

One friHjnently ofisorve.s a cliar.iei eristic 
eentr.d caieiltc stipp\inj» in soft iis.suo 
noduh's of (Mi'cidioidoinyi'otic orii:in (Kic. 
lOL 'Diis phase of nodiilation indicates 


inalicnant metastatic foci. A similar 
phenomenon can occur in osteogenic sar- 
coma metastatic to the lungs, hut calcium 
formed in sucJi mctastascs is likely to be 
etenly distrihiited character throughout 
the metastatic nodtile. while in coeddi- 
oidorntt'osic the calcium is more stippled 
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in appearance and more likely confined to 
tke center of the nodule. 

Cavity closure following necrosis of the 
center of a nodule appears to come about 
by a predominance of healing and fibrosis 
over further necrosis and concentric con- 
striction of the cavity to form a nodule 


or weeks of the illness. As indicated in 
Table 1, effusions are quite uncommon. 
This statement refers to effusion detect- 
able on a routine chest film. Rigos,'^ in 
reporting a roentgenographic study of 
pleural effusion, called attention to the 
fact that an effusion of approximately 



1 

‘V 

i 


9 



" • \ 
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>f smaller size than the original one or 
fron^bial occlusion with absorption of an 

''’?Pfc«n-ff?^Diffuse pleural thickening. 

associated with acute pneumonic lesion^ 

IS” H„ri„s .w o.rlv .in;-. 


400 cc. or less may lie present 
producing significant alteration m 
appearance on a standard 14- 
chest film made with the 
so that small degrees of j jj, 

occur more frequently^ than ind.e^ 
Table 1. Pleural reaction nith cff 
represented in Figure 1. 
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Progressive or Disseminated Coccidioido- 
mycosis. About 0.5% of patients who 
acquire clinical primary coccidioidomyco- 
sis eventually develop the progressive or 
disseminating type of infection. This per- 
centage level is directly proportional to 
the number of racially predisposed indi- 
viduals in the group considered. Obvi- 
ously if a large percentage of exposed 
population is of the Negro race, the inci- 
dence of disseminated coccidioidomycosis 
will be much greater. Nodules, cavities 
and adenitis of the late primary . phase 
are not to be confused with the dissemi- 
nated phase of this disease. 

A. Lungs. In the disseminated phase 
thoracic lesions may be predominantly 
hilar and mediastinal adenitis, as shown 
in Figure 11. Disseminated involvement 
in this patient (Case 2) was manifested by 
peripheral adenitis and granulomatous 
skin lesions and draining sinuses. A 
miliary distribution of lesions may occur, 
closely simulating miliary tuberculosis of 
the lungs. In disseminated cases, pleural 
reaction may be a predominant feature 
(Case 3). 

B. Bones. Coccidioidomycotic skeletal 
involvement is likely to appear in multiple 
hones with the probability of associated 
multiple joint lesions. Lesions arc pri- 
marily destructive, involving bone and 
cartilage and producing an appearance 
similar to tuberculosis. Benninghoven 
and Miller,' in reviewing ,500 reported 
instances of hone and joint lesions due to 
Coccidioidr.\' ivimiti.s', found the grcate.st 
involvement in the spine, pelvis, hands 
and lower extremities. 

C. Central Xerroim Sy.’^tem. Meningitis 
as a result of coccidioidomycosis is a 
common occurrence if dissemination docs 
occur. Martin'^ h.as suggested that men- 
ingeal atid spinal cord lesions may be more 
elTectively evaluated by ventriculography 
and myclograjihy respectively. 

Boeiugcnologic features to he empha- 
sired as a rt'stih of the present study 
inchnle the following; 

K Fr\un nH'ntgenogr.tphic point of view 
the ditlcrvtttial diagnosis of wetaMioido- 


mycosis is not limited to tuberculosis. 
Early lesions may simulate many acute 
pneumonic processes. Late lesions may 
simulate various forms of neoplastic dis- 
ease. 

2. Serial film studies of patients with 
coccidioidomycosis frequently aid in iden- 
tification of this condition when one bears 
in mind the 5 common patterns of progres- 
sion and resolution presented here sche- 
maticallj'. 

3. Hilar and mediastinal adenitis of 
considerable extent may occur in the 
primary phase of coccidioidomycosis, wdth 
gradual spontaneous disappearance and 
without entry of the patient into the 
disseminated phase. 

4. Two distinct mechanisms of ca\nty 
formation are prevalent in coccidioido- 
mycosis during the primary phase. Cavi- 
tation is relatively less frequent during 
the disseminated phase. 

5. Coccidioidomycotic cavities and nod- 
ules not uncommonly persist for many 
months or several years and must be in- 
cluded in the differential diagnosis of such 
lesions to be encountered in the planned 
mass surveys of the chest. 

Diagnosis of Coccidioidomycosis, In 
endemic regions the possibility of coccidi- 
oidomycosis is always present, and there 
has been a tendency to make the diagno- 
sis on insufficient grounds. Too frequently 
a patient with or without a respiratory 
infection but a po.dtivc coccidioidin cuta- 
neous test has been so diagnosed without 
cailtural or serologic confirmation. A 
diagnosis on such evidence is always 
questionable. On the other hand, acute 
primary coccidioidomycosis acquired in 
an endemic area but manifested elsewhere 
will, in all prob.ability, be incorrectly 
diagnosed. If the late residual pulmonary 
lesions are unrecognized or misinterpreted, 
the likelihood of serious error in tiiagnosis, 
prognosis and treatment is great. Con- 
sidering the dilTercntial diagnostic possi- 
bilities presented by pulmonary nodules 
or cavitation. espcx;ially mct.astatic malig- 
nancy anti puhnonan- tuberetdo-L. such 
errors may be personally. pntUs-sionallv 
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and economically disastrous. The dis- 
seminated form may be confusing if one is 
imfamiliar mth its protean manifestations. 

Absolute proof of coccidioidal infection 
depends upon tissue, cultural and animal 
inoculation studies. It requires: (1) 
observation of the characteristic doubly 
contoured, non-budding endosporulating 
spherules in tissue sections, sputum, pus, 
pleural or spinal fluid; (2) recovery of the 
mycelial form from culture on Sabouraud’s 
or differential media; and (3) demonstra- 
tion of the spherules in inoculated animals. 
For the latter purpose, injection into a 
mouse or guinea pig is made, usually intra- 
peritoneally. Direct smears are not relia- 
able. Gastric washings or bronchoscopy 
may afford material for examination. 
I^Tien gastric washings are used, examina- 
tion must be done promptly as the 
spherules are digested by the gastric 
secretion. 

For practical purposes, positive identifi- 
cation of the fungus obtained by the 
above procedures is rarely necessary and 
may be difficult or even impossible in 
acute primary coccidioidomycosis, in which 
more often than not the fungus cannot be 
demonstrated. In such cases, sputum 
may be entirely lacking, and there are no 
accessible lesions to afford a source of 
recovery' of the fungus. A diagnosis in 
the acute phase can be made with reason- 
able certainty and minimal error if the 
following criteria are fulfilled: (1) recent 
residence in an endemic region; (2) an 
acute respiratory infection with or -with- 
out erythematous cutaneous lesions; (3) 
a positive coccidioidin cutaneous test; and 
(4) a positive coccidioidin serologic test. 
Additional evidence may be afforded by 
roentgenologic findings. An initially nega- 
tive cutaneous test with a subsequent 
positive test is conclusive evidence of 
coccidioidal infection. The additional 
finding of eosinophilia increases the prob- 
ability of coccidioidomycosis. 

Cidanrouf! Coccidioidin Test. This test 
has been of great value in the diagnosis 
of coccidioidal infection. ^laterial for 
the test was prorided by Dr. C. E. Smith 


of the Department of Public Health and 
Preventive Medicine, Stanford University. 
The technique and precautions have been 
fully described bj' a number of writers.^-’'**' 
A dilution of 1 to 1000 was originally used 
by us for routine testing. However, it 
became apparent that the use of this dilu- 
tion resulted in missing some infections 
positive in 1 to 100 dilution. Thereafter, 
the latter was used routinely except in 
patients exhibiting erythema nodosum. 
Such patients are hypersensitive to coccidi- 
oidin, and in some instances respond with 
violent local and even systemic reactions. 
Occasionally 1 to 10 dilution is indicated 
if disseminated coccidioidal infection is 
suspected. There is no e^^dence that re- 
activation of old focalized lesions or dis- 
semination can occur as a result of the 
coccidioidin cutaneous test." The test 
may be negative in early primary coccidi- 
oidal infection, but upon repetition will 
almost invariably become positive in un- 
disseminated cases. It is important to 
consider the time element between the 
onset of the disease and the time at 
which the coccidioidin cutaneous test is 
performed. If done too early and not 
repeated, one may’ acquire the false im- 
pression that coccidioidal infection has 
been excluded. On the other hand, an 
initial negative test followed by a subse- 
quent positive test is practically’ conclu- 
sive evidence of coccidioidal infection. 

In 11 of our cases the test was negatbe 
on admission and did not become positne 
until from 2 to 3 weeks later. The test 
may be negative in disseminated coccidi- 
oidomycosis. This was true in 3 of our 
disseminated cases. In these it remaince 
negative even in 1 to 10 dilution throng i" 
out the entire period of observation 
despite clinical, serologic and cultur.i 
evidence of the disease. Thi.s is a fact o 
considerable diagnostic importance as a 
negative test may be indicative 
and not of the absence of cocruhoK » 
infection. A positive test ha.s the .=ame 
diagnostic significance and limitation> a 
the tuberculin test. It is not accept.! k 
evidence of active coccidioidal infection. 
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Usually sensitivity to coccidioidin exists 
indefinitely. However, it is said to 
diminish or- even gradually disappear in 
some individuals.’ We have no evidence 
upon this point. There is some evidence 
that cross-sensitivity to coccidioidin may 
exist. Emmons’® found this to be the case 
with Haplosx>oangiuvi parvum, a fungus 
prevalent in parts of Arizona. Smith’® 
states that some individuals from Mis- 
souri, Illinois, Michigan, Indiana, Ten- 
nessee, Kentucky, Ohio, the Virginias, 
Pennsylvania and New York in which 
coccidioidomycosis is not known to be 
endemic show some borderline sensitivity 
to coccidioidin. However, from a practi- 
cal clinical standpoint, the test is specihc 
and quite reliable. A positive cutaneous 
reaction indicates permanent immunity to 
exogenous reinfection. The skin test is 
of importance in the presence of pulmonary 
cavities with negative serologic evidence. 
In such instances, however, only the 
recovery of the organisms is decisive. 
The diagnosis of coccidioidal cavitation 
can only be presumptive in the presence 
of a positive coccidioidin cutaneous test 
but with negative cultural hndings. 

Coccidioidin Serologic Test. Precipitin 
and complement fixation tests, as per- 
formed by Dr. C. E. Smith, using coccidi- 
oidin as antigen, are of value in the diag- 
nosis and prognosis of coccidioidal infec- 
tions. Obtaining antigen which is con- 
sistently satisfactory for complement fixa- 
tion has delayed jniblication of these 
procedures.’® In mild infections and in 
the late quiescent or inactive jihases, 
those tests are usually negative. In the 
active ])hase of coccidioidal infection they 
are jmsitive, and the more severe th.e 
infection, the more likely it is that pu'cipi- 
tins ami complement fixing antibodies 
will develop. In the ordinary, uncompli- 
cattMl infections precipitins are present in 
higher titer than iHunplement fixing anti- 
bodies and tend to tlisap])ear earlier. The 
titer of complement fixing antibodies par- 
allels the severity of the infection, and 
in certain ranges is indicative of imjtend- 
ing or acttinl di-'Semination. Thus, the 


serologic test provides a reliable index of 
the severity of the infection, and to this 
extent has prognostic as well as diagnostic 
value. A diagnosis of dissemination 
should not be made in the absence of 
specific antibodies in relatively high titer.’ 
In late, inactive phases of coccidioidal 
infection, characterized by residual pul- 
monary cavitation or nodular focalization, 
the serologic tests have been uniformly 
negative in our experience even when the 
fungus could be recovered from the spu- 
tum. Serologic tests should be performed 
whenever dissemination is suspected, re- 
gardless of the results of the cutaneous 
coccidioidin test. 

Five patients in our series had clinical, 
serologic or cultural evidence of dissemina- 
tion. Two (a 35 year old white private, 
and a 30 year old colored private) died in 
from 4 to 5 months. Necropsy, in both 
instances, revealed miliary dissemination 
in the lungs, tracheobronchial lymph 
glands, liver, spleen and kidneys and 
indolent cutaneous abscesses and verrucu- 
ous skin granulomata. One case in addi- 
tion had involvement of the meninges, 
left ulna, tibia, and knee joint. The 
clinical and gross pathologic findings in 
these patients were practically indistin- 
guishable from miliary tuberculosis. 

Three disseminated cases recovered. 
The dominant clinical pattern (namely, 
meningeal, pulmonary-glandular and pleu- 
ral) wa.s different in each and likewise 
differed from the generalized, miliary type 
whieh characterized the two fatal cases. 
For this reason it is felt that a brief clinical 
summary of these cases will serve to em- 
phasize: (1) the protean features of 

di.'^scminated coccidioidomycosis, (2) the 
po.«sibility of recovery in even the most 
critically ill: (3) and the utter fallacy of 
evaluating therapeutic measures in indi- 
vidual cases. 

Case Report. C.xsr. 1. A .31 year old Xccto 
private entered the hospit.al Feb. 0, 1943, 
because of a non-prtxiuctive couch of 2 weeks 
duration. Physical ex.arnination was nega- 
tive except for crepitant rales at the richt 
lung b.ase. He had lost IG jwunds in the 
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2 months prior to admission. _ A roentgeno- iow-grade fever for 5 days. This subsided 
gram of the chest revealed widening of the n-ithout recurrence. About Apr. 25, 1945, 
right hilar region and irregular mottled the spinal fluid showed 530 cells, of which 
density in the right lovrer lung field, inter- 83% were lymphQC3'tes and 17% neutro- 
preted as probable atypical pneumonia, phils. The colloidal gold curve was 555551- 
The day following admission, he developed 0000. The patient was afebrile at the time 
fever, ranging from 101° to 103° and con- but had severe generalized headache, and 
tinuing for 1 month. On Feb. 11, 2 daj’s the nuchal rigidity persisted. There were 
after admission, the coccidioidin cutaneous no localizing neurologic findings at anj' time 
test was -)- in 1 to 100 dilution. On Febru- during the period of observation. The 
ary 14, the leukoc 3 de count was 10,300 ocular fundi were consistentlv normal and 


with 10% eosinophils. The Kahn test was 
negative. On February 21, blood obtained 
from the patient for coccidioidin serologic 
test was sent to Dr. C. E. Smith at Stan- 
ford University School of hledicine. The 
test was reported as follows: 

Complement fixation: serial dilutions of 
serum (0.25 cc.): 1 to 2, 4-1- ; 1 to 4, 4-f ; 
1 to 8, 4-1-; 1 to 16, -f; 1 to 32, +. 

Precipitin tests: serial dilutions of anti- 
gens: undiluted, 4-f; 1 to 10, 4-f ; 1 to 40, 
-f : 1 to 100, 0. 

These findings were characteristic of 
severe coccidioidal infection. On March 12, 
the density in the right lung field was not 
appreciably changed but there was marked 
enlargement of the mediastinal shadow 
indicative of right hilar adenopath 5 ". At 
this time the fever subsided and the patient 
was generalty improved. On March 20, 
the second coccidioidin serologic test, per- 
formed at Stanford, was reported as follows: 

Complement fi.vation; serial dilutions of 
serum (0.25 cc.) : 1 to 2, 4-f ; 1 to 4, 4-f ; 

I to S, 4-f; 1 to 16, 4-f; 1 to 32, 4-f; 1 to 
64, 3-f ; 1 to 12, -f ; 1 to 156, 0. 

Precipitin tests: serial dilutions of anti- 
gens: undiluted, 3-f; 1 to 10, 3-f; 1 to 40, 
0; 1 to 100, 0. 

The increase in the complement fixation 
titer was interpreted as indicating dissemina- 
tion despite the normal temperature and 
absence of clinical e^ddence of dissemination. 
About April 20, 10 weeks after admission 
to the hospital, the patient suddenly devel- 
oped severe frontal and occipital headache 
with nuchal rigidity. The cerebrospinal 
fluid pressure was moderately elevated 
(raanometric readings rvere not obtained). 
The fluid contained 900 cells per cjnm., of 
which 70% were tyraphocytes. Cerebro- 
spinal fluid, Kahn and Wassermann were 
negative. No organisms were found on 
smear or culture. Follordng the onset of 
meningeal s^miptoms the patient ran a 


at no time were signs of cerebrospinal fluid 
block demonstrable. On May 26, 1943, 
approximate^ 1 month after the occurrence 
of his meningeal s 3 Tnptoras he was trans- 
ferred to William Beaumont General Hospi- 
tal, At that time headaches were his only 
complaints. These were described as diffuse 
and of moderate intensity. They were not 
incapacitating, and the patient could not 
be convinced of the necessity for remaining 
in the hospital. His general condition was 
good, and he had gained considerably in 
strength but was still 20 pounds below lus 
average weight. Repeated detailed neuro- 
logic examinations did not reveal abnonnal 
findings other than a slight to modemte 
nuchal rigidity. On June 9, cerebrospinal 
fluid was examined again at William Beau- 
mont General Hospital, and the folloning 
findings were reported; white blood cells, 
5S6 (tomphocytes, 58%; neutrophils, 42%). 
Globulin was S-f , gold curve 55555-13210. 
At this time the fluid was reported positive 
for Coccidimdes ivvntfi's, both on direct 
smear and culture. Guinea pig inoculation, 
unfortunate^, was not done. About June 20. 
appro.ximatety 2 months after dissemination 
to the meninges, the patient first noticed a 
slight staggering on walking and transi'fon' 
diplopia which continued off and on for 
approximatety 1 month. On July 5, fne 
cerebrospinal fluid was again reported po?i- 
for Coccidioidcs immilis, both on direct enicar 
and culture. The total cell count was 7-..5 
(95% of which were tymphocvics). Tne 
colloidal gold ciiiwe was 555555.U2!- ^ 

this time the patient complained onh ^ 
headaches and the inactivity that was fore 
upon him. He had a rather marked feenne 
of euphoria and appeared normal. Vct.v 
ph 3 'sical e.xaminafion reve.aled no^ sim? n. 
dissemination to other organs. Xtyro.ogic 
e.yamiration was repoatedh' negative. 
September 17, he was transferred to a ' c c.- 
ans Admini'ifrafion Faeilit 3 '. There he v • 



SWEIGERT, TURNER, GILLESPIE: ASPECTS OF COCCIDIOIDOMYCOSiS 669 


reported as well-nourished, ambulatorj^ and 
asymptomatic, and apparently normal in 
all respects. Physical and neuropsychiatric 
examinations were again essentially negative. 
Laboratory findings, including blood count, 
blood Wassermann, sedimentation rate and 
sputum examination -were normal. Chest 
Roentgen ray, September 1, showed fibrosis 
involving the right lower lobe and enlarge- 
ment of the right hilar glands. The cerebro- 
spinal examination, October 1, was reported 
negative at this institution. On October 5, 
the patient was given a pass and failed to 
return to the hospital. He was discharged 
“Absent Without Leave.” Periodic follow- 
up of this patient has been obtained. The 
last report (Aug. 15, 1945) reveals that the 
patient has remained well, is without com- 
plaints and is currently employed as a steve- 
dore in Norfolk, Virginia. 

Comment. It may be objected that 
absolute proof that this patient had coc- 
cidioidal meningitis is lacking in that the 
etiologic agent was not identified by 
animal inoculation studies. However, the 
clinical and laboratory evidence supports 
the diagnosis beyond a reasonable doubt. 
The diagnosis of disseminated coccidioido- 
mycosis is conclusive, being based upon 
the following evidence: The patient, a 
colorcfl man, living in a known endemic 
region, developed a respiratory infection, 
eharactcrixcd by cough, fever, roentgeno- 
logic signs of pulmonary infiltration and 
hilar adenopathy, cosinophilia, coccidi- 
oidin skin test positive in 1 to 100 dilution 
and 2 coccidioidin serologic tests with 
complement fixing antibodies present in 
high titer indicative of dissemination. 
During the coiirse of disseminated coe- 
cidioidomyensis the jiatient developed 
signs and symptoms of meningitis con- 
firmed by repeated cerebrosj)inal fluid 
lymjihoeylosis, a paretic tyj:c of gold 
(>\:rve on 0 examinations (strong corroliora- 
live evidence in the ab'-ence of .syjfiiilisl 
and organivin'> idi'iitified In direct smear 
c.nd <Milture as (\ii ni’lniili uinuit 


Thfe patient’s course has been entirely 
benign, and he remains asymptomatic 
and in apparently good health. In xdew 
of the fact that no authenticated recovery 
from coccidioidal meningitis has been re- 
ported and that survival for long periods 
occurs and complications incident to cere- 
brospinal fluid block may be long delayed, 
the case is presented not as one of recov- 
ery, but one with a survival period of 
2 years and 7 months and xvho has long 
been free from sjTOptoms of any kind.* 
The patient will be followed from time to 
time and a report of his future course 
will be made in a subsequent communi- 
calion. 

Case 2. A 22 year old Negro private, 
first class, was admitted to the hospital on 
Dec. 14, 1943, because of progressive cough 
and expectoration, profound lassitude, weak- 
ness for 2 months, and pain in the chest of 
2 daj’s’ duration. Physical examination was 
essentially negative except for fever, diffuse 
sibilant rfiles Inlaterally, and a small indolent 
verrucous skin lesion in the anterior mid- 
line of the neck. The chest roentgenogram 
on admission showed marked tracheobronch- 
ial lymjjhadenopathy and extensive bilateral 
pulmonary infiltration. The erj’throcyte 
count was normal, l)ut there were 15,500 
leukocytes with a normal differential count. 
On December 15, the Nairn test was 3-}-. 
On December 19 it was 1-f and on Decem- 
ber 31 it was reported as doubtful. Subse- 
quently, reports on the Kahn and Kline 
tests from 3 different laboratories varied 
from negative to 1-f. After Jan. 7, 1944, 
the Kline, Kahn and Wassermann tests were 
repeatedly nccative. .'Spinal fluid exarnina- 
finn was negative. The coccidioidin cuta- 
neous te.«t in 1 to 100 and 1 to 10 dilutions 
were neratix'o repeatedly over a period of 
5 months. CcccuHoutcf: iimniti.^ was not re- 
covered from the sputum, but biopsy nnd 
culture from the .skin Ic.sion on the neck were 
positive for the fungus. Serologic tests 
(lone at Stanford coi.finned the diagnosis of 
dis^emirated coccidioidomyco-iv. The jia- 
fient ran a spiking fever from 101 ' to 10.3' 


* Ur. C. 1 ,. Praith, in .n por^annl vrmni'.iniration. riii- nn ir.vtnnrc nf proven rocri'lioith] meninciti'- 
i\u!i ‘•nrv iv;\l for 1 Dnnni: do- iH-rio*?. howpvrr, tlic p.isirnt cviniir.npt! to hn\r‘ .-yrep'onv- riial 

iihiiivUi'ly liiis! .T- .'i rv'iih of .’iitcrinl hy<!rr«p<'j,?,.ihi'. r. Into -tqrcl of inX inpnir.cit:-. .\ltho’ifh the 
infpi'tion :.j't''.’»'ntly mu.. in-icttH' rnechnnirv.! ct n'ii-o'piml ihii.i ti'orh prC'Crnnhly vr.'- rp--oi.t;))V fn- 

th.p t'lfontX Ui-Tt!;. ' ' 
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daily until May, and thereafter betAveen 99° 
and 100°for approximately another 2 months. 

In Januaiy, he developed a second papillo- 
matous skin lesion about the right nares. 
This enlarged to approximately the size of 
a AA’alnut, was dry and irregular, Avithout 
acute inflammatory reaction, and showed 
numerous Avhite, punctate areas on the 
surface, Coccidioides immitis was recovered 
from the lesion. In February, the lymph 
glands at the posterior angle of the jaAV on 
the right side became enlarged. Subse- 
quentl}', there lA’as extraordinarj' swelling, 
tenderness and fluctuation in the right 
pre-auricular, submental and bilaterally in 
the cerAncal and supraclaAOcular lymph 
glands. The latter progressed to abscess 
formation. These were incised, and for 
2 w'eeks continued to drain a thin, turbid 
fluid w'ith curd-like material from which 
Coccidioides immitis aa'ss cultured. In May, 
there was a reduction in the fever and 
gradual regression of the lymphadenopath}', 
gain in weight and progressive clinical im- 
proA'ement which continued until his trans- 
fer to another hospital on Jul}’- 2. He was 
discharged from the latter and from the 
Army on August 3 greatly improA'ed. His 
clinical improA'ement could not be correlat- 
ed with attempts at specific therapy includ- 
ing 3 immunotransfusions and a course of 
penicillin. It is possible that the latter 
might have prevented secondarA' infection 
of the draining abscesses as these were 
conspicuously' free from pyogenic infection 
and healed uneventfully. 

Comment. The dominant clinical fea- 
tures in this case were the high, irregular 
fever with gradual subsidence OA-er a 
period of 7 months, extensiA-e bilateral 
pulmonary infiltration, extraordinary hilar 
and cervical and supraclavicular lymph- 
adenitis with abscess formation and drain- 
age in the latter, A-errucous skin lesions 
and a transient positiA-e Kahn test. A 
positiA-e coccidioidin cutaneous test (cA'cn 
in 1 to 10 dilution) AA'as ncA-er obtained 
on this patient, although the coccidioidin 
serologic test A\-as positive in high titer, 
characteristic of dissemination. Although 
the patient was critically ill and originally 
given a poor prognosis, his symptoms and 
findings finally regressed and spontaneous 
recoA'ery occurred. 


ASPECTS OF COCCIDIOIDOMYCOSIS 

Case 3.— A 31 j'ear old white private 
entered the hospital on Nov. 20, 1942. He 
had been in Arizona for 2 months. He gave 
no history' of serious illness, A-enereal or 
otherwise. One AA'eek prior to admission he 
developed cough, feA'er and pleuritic pain 
in the left side of the chest. Phy'sical e.xam- 
ination reA'ealed only crepitant rales at both 
lung bases. The temperature returned to 
normal on the 5th day' and remained so 
until December 1. At that time, in addition 
to cough and chest pain, feA'er of a high 
SAA'inging ty'pe ranging from 100° to 104° re- 
curred, associated AA'ith tachy'cardia, drench- 
ing sweats and clinical and roentgenologic 
signs of massive left-sided pleural effusion. 
There Avas an extreme shift of the mediasti- 
num to the right associated with episodes of 
distressing dy'spnea and cyanosis, relieA’cd 
by' repeated thoracentesis. A leukocy'tosis 
betAveen 21,000 and 30,000 AA'as consistently 
present for 2h months. Eosinophilia ranged 
between 10 and 27%. The pleural fluid 
was serous and A'aried in specific graA'ify 
from 1.019 to 1.024, had a high protein 
content and contained 500 to 600 cells per 
c.mm., predominantly' lymphocytes. No 
organisms AA'ere recovered from the fluid. 
Serologic tests for sy'philis AA'ere of interest. 
They' AA'ere reported as follows: NoA'cm- 
ber 21, Hahn 4-f, Kline 4-f ; NoA'ember 26, 
Kahn 4-f, Kline 4-f; December 3, Kahn 
4-f, Kline 4-f, Wassermann negatiA'e. The 
cerebrospinal fluid was negatiA'e. The 
patient’s condition AA'as critical, and because 
of the possibility' of complicating sy'philitic 
infection, antiluetic treatment Avas begun 
and continued for 26 AA'eeks. In the light of 
subsequent experience it is felt that these 
serologic tests Avere of the false biologic type 
and not indicath’e of actual sy'philitic infec- 
tion. The coccidioidin cutaneous tests m 
dilution of I to 100, or aboA'e, were repeatedly 
negatiA'e. The test in 1 to 10 dilution AAa.= 
slightly positiA'e (-f). On Apr. 8, 194-3, the 
coccidioidin serologic test aa'os positiA'e m 
high titer, indicatiA’e of dissemination. 
Numerous sputum examinations Avere nca.i- 
t'A'e for tubercle bacilli and fungi. 

The patient AA'as transferred to Fitzsinuws 
General Hospital on February' 12. ' n 

j\pril 12, Coccidioides immitis AA'as if*:'’' 
from gastric AA'ashing.s and identified ^a.a 
po.sitiA'c guinea pig inoculation. The 
remained critically ill from Dec. 1, T 
until early in March 1943, folloAA'ing whic.i 
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there was a gradual regression of all his 
symptoms and general clinical improvement. 
At no time did he have clinical evidence of 
syphilis. He was given a Medical Disability 
Discharge on June 21. Reports of examina- 
tion at a Veterans Administration Facility, 
Dec. 3, 1943, a year after the onset of his 
illness, indicated complete recovery. The 
blood Wassermann at that time was nega- 
tive. No evidence of pulmonary residue or 
pleuritis was found clinically or roentgeno- 
logically. 

Comment. The salient features in this 
case include fever, cough, pleuritic pain, 
massive pleural effusion with compression 
symptoms, high sustained leukocytosis, 
eosinophilia, positive blood Kahn and 
Kline tests but negative Wassermann; 
only slightly positive cutaneous coccidi- 
oidin tests in 1 to 10 dilution; coccidioidin 
serologic tests characteristic of dissemina- 
tion, and recovery of Coccidioidcs immitis 
from gastric washings. The patient’s 
illness simulated tuberculous pleurisy with 
effusion, but presented certain hemato- 
logic and serologic features not explicable 
on such a basis. The etiologic diagnosis 
was established by the coccidioidin sero- 
logic tests and confirmed by animal inocu- 
lation .studies. No localization of the 
infection other than pleural could be 
demonstrated. Unfortunately, premature 
antiluetic therapy instituted because of 
the urgency of the situation masked the 
significance of the positive Kahn and 
Kline tests. However, subsequent experi- 
ence with false ])ositive serologic te.sts in 
eoceidioidomycosis leads us to believe that 
syphilis was improbable in this patient, 
and that antiluetic treatment should have 
been withheld until the problem of co- 
existent .syphilis could be decided by 
further observation and verification te.sts. 

Differential Diagnosis. The differential 
diagnosis of coceidioidomywsis would 
require wnsideration of a variety of uiir*- 
lated and dissimilar <iisea.«es. Many of 
these have only a superficial resemblance 
to certain fe.'iturcs i»f iHt('cidioidomycosi>;. 
From a practical, clinical standjwint acute 
coccidioidomywsjc; niay simulate bronchi- 


tis, pleuritis, influenza and the bacterial 
pneumonias. In our experience the most 
common differentiation was from primary 
atypical pneumonia. If, as occasionally 
happens, the initial cutaneous eruption is 
prominent, it may dominate the clinical 
picture for a time and suggest measles, 
scarlet fever, drug idiosyncrasy or diseases 
of the erythema group. The association 
of fever, arthritic pain, erythema nodo- 
sum, increased erythrocyte sedimentation 
rate, pleural involvement and pneumon- 
itis might conceivably be mistaken for 
rheumatic fever. When eosinophilia is 
marked, parasitic infestation, trichiniasis 
and even Loeffler’s syndrome might be 
suspected. Practically, these should rarely 
if ever cause difficulty. 

The disseminated form is more likely to 
be confusing because of the number and 
variety of manifestations possible in the 
respiratory, nervous and skeletal systems 
and in the skin and lymph glands. It 
must be differentiated from other mycotic 
infections and from miliary, pulmonary, 
meningeal and bone tuberculosis. I.,ocal- 
ized intracranial granuloma simulating 
brain tumor has been reported.’® -® In 
many instances the residual, pulmonary 
nodular lesions observed roentgenographi- 
cally are not easily distinguishable from 
malignant metastases. A knowledge of 
the multiplicity of clinical features, of 
the value and limitations of the cutaneous 
and serologic tests, and cultural and ani- 
mal inoculation studies should enable one 
to establish the diagnosis in the over- 
whelming majority of cases. 

Trralmrni of Coccidioldotnpcnxi.<!. The 
object of treatment i.s to afford the patient 
the optimum conditions for focalizing hi.s 
infection. This requires adequate rest, 
general mciu^ures and symptomatic treat- 
ment such as are carried out for any 
patient with an active infection. Such 
measures .cliould be maintained until the 
inh'ction luus subsided clinically and the 
pulmonary lesion- have regressed com- 
pletely or become stationarx*. ProInneed 
hospitaliz,'Uinri may be retpiircd. The 
se<iimcntation rate affonis a reliable index 
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of acti\atjr of the infection. Special cau- 
tion should be exercised in evaluating 
acti^nty in dark-skinned patients such as 
Negroes, Fillipinos and j\Ie.xicans, who 
have a greater susceptibility to infection 
and a higher incidence of dissemination. 
Drug treatment is of little importance. 
Symptomatic use of analgesics such as 
salicylates, with or without codeine, suffice 
in the ordinary' acute eases. 

There is no specific treatment for dis- 
seminated coccidioidomycosis. The var- 
iety of drugs used in the past, including 
the more recentlj'^ tried sulfonamides and 
penicillin, have pro^^en ineffective. Al- 
though some have advocated the use of 
vaccines, their value is still unestablished. 
Immuno-transfusions have been carried 
out, but their therapeutic efficacy is diffi- 
cult to assess and their specific value is 
doubtful. Incision and drainage of ab- 
scesses with concurrent use of penicillin 
to minimize secondary infection can be 
undertaken -vrith impunity. These lesions 
appear to heal satisfactorily under such 
circumstances. Surgical removal of fun- 
gating or verrucous cutaneous lesions has 
been done with good results. It is obvious, 
however, that the removal of such lesions 
e.\'erts no influence on the fundamental 
course of the disease. 

Treatment of patients \slth pulmonary 
cavities is still unsettled. Such patients 
are apparently immune to dissemination 
and exridence of local spread of the fungus 
from cavities to adjacent pulmonary tis- 
sue has not been demonstrated. Most 
ca\'ities ultimately heal spontaneously. 
There is a difference of opinion as to 
whether or not active treatment shoukl 
be used even when the ca\Itics persist for 
long periods. Patients witli suc)j lesions 
are usually in good health and suffer no 
apparent ill-effects, except occasional hem- 
optysis in a small percentage of crises. 
Conservative measures seem to be the 
treatment of choice. We have had no 
experience in the use of pneumothorax, 
pbrenicolysis or the application of weight- 
ed bags to the chest as suggested by 
Denenholz and Cheney." We Imve en- 


countered no patients in whom it was felt 
that any of these measures were indicated. 

Summary. ..\s with many disease 
which hitherto hat'e been of merely local 
or academic interest, coccidioidomycosis, 
due to the e.xigencies of war, has acquired 
a more general and practical clinical im- 
portance. A large influx of soldiers and 
civilians into endemic regions had oc- 
curred. Several such areas hat'e_ been 
and will continue to be popular health 
and winter resorts, attracting patients 
and tourists from various sections of the 
country. A number of non-immune new 
arrivals .dependent upon their length of 
residence, ine^dtabl^' acquire the infection 
and subsequently move elsewhere. Many 
such individuals, with or without a history 
of primary infection show residual pul- 
monary lesions roentgenographically. The 
interpretation of such lesions presents con- 
siderable difficulty and possibilities for 
serious error if their nature and signifi- 
cance are unknovm. The necessity and 
responsibility for recognizing coccidioido- 
mycosis in its various phases and wherever 
encountered is em'dent. 


The present report is based upon per- 
sona! experience with 77 hospitalized 
cases of coccidioidomycosis and a stud' 
of clinical and roentgenographic material 
upon approximately 200 additional pa- 
tients oliscrved in southern Arizona ^be- 
tween August 1041 and August 1945. Ibe 
salient clinical, laboratory and roentgeno- 
graphic features are presented with par- 
ticular emphasis upon changes and varia- 
tions peculiar to different types and stage? 
of the disease. The common lioentgcn 
ray pattenis of progression and resoluUon 
are dcscriiied. The fact that coccidioido- 
rnycotic cavities and nodules may pen-i't 
for many months or several years re 
iterated, and in the future must be takia 
into consideration in contemphitc<} nu'- 


surveys of the chest. The cs-eniial in 
teria for diagnosis, and the relatne 'a a'’ 
and limitations of various diaguo n 
procedures are indicated. Three ca‘( “ 
tones, illustrating different clinir;d pa 
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terns of disseminated cocciodioidomycosis, meningitis are reported. The differential 
1 with apparent recovery from coccidioidal diagnosis and treatment are discussed. 

Dr. Charles E. Smith and staff of the Department of Public Health and Preventive Medicine, Stan- 
ford University Medical School, supplied the material for the skin tests, performed the serologic tests 
and in other ways gave valuable assistance. Capt. Joseph Hanelin, M.C., A.U.S., contributed to the 
roentgenologic study of patients seen prior to 1944. To them the authors wish to express their acknowl- 
edgement and appreciation. 
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penicilIiIn therapy in pyogenic dermatoses* 
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Pyogenic cocci flourish in diseased epi- 
dermis. Since the first report of Rox- 
burgh* on the use of penicillin in these 
superficial infections, many papers have 
appeared. There is unanimity as to the 
effectiveness of penicillin in impetigo, 
ecthyma and furunculosis; but with syco- 
sis and with secondary infections in 
eczematous eruptions and acne, previous 
observers report varying degrees of suc- 
cess. Much uncertainty remains also as 
to dosage and methods. 

The following observations were made 
on 618 soldiers. The more severe cases 
and others w'ho could be relieved from duty 
(211 in all) were treated in a hospital, the 
majority (407) in a dispensary. The 
lesions were grouped under the following 
diagnoses (Table 1). 

Impetigo. There were 52 cases of 
impetigo contagiosa involving head and 
neck and 35 cases of "bullous” or "tropi- 
cal” impetigo^ involving chiefly the cov- 
ered portions of the body, especially the 
axillfe. The results in both forms were 
almost uniformly good whether treatment 
was topical or intramuscular. This agrees 
with the experience of most previous ob- 
servers. The rapidity of response was 
striking, hlan^' cases were much im- 
proved overnight, 9 appeared well in 
3 days and the median time for clearing 
was 6 to 7 days. 

There were apparent explanations for 
most of the 16 failures. Three patients 


had been sensitized to penicillin, 2 of 
them by previous treatment. Three were 
treated with ointment containing onlv 
100 units of penicillin per gram. Two 
had also a folliculitis of the beard, a 
probable source of reinfection. Otheis 
were obviously irregular in applyinp 
treatment. 

The frequency of relapse was surprising. 
Of 35 cases recalled for follow-up after 
2 -weeks, 10 (28%) had developed new 
lesions. This would appear an indictment 
of penicillin tlierapy, but it was doubtless 
due to the rapidity of apparent cure which 
led to premature cessation of treatment. 
It indicates, however, the necessity of con- 
tinuing treatment of neighboring as well 
as involved areas after apparent euro. It 
may prove advisable to follow penicillin 
with ammoniated mercury or some other 
antiseptic. 

Ecthyma. The ectbymatous lesions en- 
countered varied in extent and seventy 
Several resulted from chigger bites, othc^ 
from scabies, creeping eruption or e.xcori- 
ated dermatitis venenata. Few seemed 
characteristic of tlie fly-borne ecthyma' 
which were common among combat troop' 
in tropical areas. 

Response to local or intramuscular 
treatment was rapid and, considering trie 
obstinacy of tliese cases to other themp.'- 
even more impressive than in impetigo 
Of the 33 cases treated, 27 (82 Cc) cic.arcf 
in a median time of 7 days; 17 were o- 


* The ivork described in this paper -n-as done under a contract, recommended by the 
•n Medical Research, bet-n-ecn the Office of Scientific Research and Development and Column.- 

authors cratcfully oipress their indebtedness to Col. Roccr G. Prentiw. Jr., and 
: Lirincood of the Office of the SurBCon-Gcneral. and to CW- of n'erir.*- 
5cnning!w Col. Chauncey E. Doivll. Commandinc Officer, and Capt. Atichnel 
olORic.'d 'lection A. S. F. Rccional Hn'piUal. Fort Renninc. for nrmneme facilities for tin in 
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lowed from 1 to 3 weeks after healing 
and only 3 (-18%) had relapsed. Four of 
6 additional cases who disappeared after 
I or 2 days of treatment were already 
much improved. 

Of the 6 failures, 1 appeared sensitized 
although he disappeared before skin tests 
could be carried out. A second was treated 
only with 100 unit gauze and resistant 
strains of staphylococci were recovered 
from the remaining 3. 


to 3 years duration. Others had devel- 
oped during an attack of impetigo 1 or 
2 weeks before. Some may w^ell have 
been transitory infections, but some cases 
of only a w'eeks duration proved very 
resistant to treatment. 

In several Negro patients, the bearded 
area was covered wdth keloid-like papules, 
a type of lesion which has been variously 
interpreted.® The foreign body effect of 
embedded hairs was probably the chief 
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• or the CIS patients. 18 were treated far 2 lesions of different cliaractcr and each lesion was considered a separate case, 
t The medi.an, inaxitnum and minimum duration of infection is tabulated in daj’s, except where a "t" indicates years. It was im- 
i»«v«ihlc to determine the duration of secondaiy infections. 

t rcrccntaces are ha^cd on txiscs from whom satisfactory cultures were obtained, about SOTi of the total. Two or 3 tjTCa were fro- 
nuently obtained from open lesions, simultaneously or at different times during treatment. 

5 The infection was recorded as “controlled" when clinical siyns of pyopenic infection disappeared. In the primary infection.', thi> 
record coincided with the disappearance of the lesicn, except for residual erythema or desquamation. 

’i "Time" records the median, maximum and minimum days under treatment, before infection was controlled. 


Foi.i.icm-rns ok 'iiie Bkaud. It is well 
known that simple follicular infections of 
the beard respond well to antiscjitic treat- 
ment, whereas other eases in which consti- 
tutional or anatomic factons or allergy 
scorn to play tt dominant role arc most 
diflicult therapeutic problems. There are, 
however, no precise criteria by which the 
latter gnuip, ctdled sycosis harha'. can 
be identifietl. Some have reportetl success 
with penicillin therapy in sycosis, hut 
others only temponiry benefit or cxunplcto 
failure. The cast's of this .series were of 
iinrxpi.nl sox'i'rity; wero of from '2 monlbs 


cause of their pustules. Two patients on 
culture yielded only a few coagulase nega- 
tive staphylococci and it is doubtful if 
tlicse eruptions were caused by infection. 
In others pustules continued to develop 
after pathogenic cocci could no longer be 
found in their lesions. One obvious diffi- 
culty in treatment was the delivery of 
an effective dose of penicillin at tlie depth 
of the hair follicle. ^ arious combinations 
of intramuscular and oral tlicrapy with 
local applications of different strength were 
employed in hope of achieving success. 

Tlie results were not easy to judge on 
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account of the frequent persistence of 
scattered macules and papules after active 
pustulation had ceased. The percentage 
of cases that could be considered cured 
was low (Table 1) and follow up periods 
too short to be certain of the permanence 
of cure in a disease so prone to relapse. 

Apparent cure in 3 to 23 days was 
obtained in 14 cases. These varied in 
severity and in duration from a few days 
to 1 year; 10 of them were followed for 
7 to 18 days and 8 showed no evidence of 
relapse in this brief period. 

Cultures from 11 of these successful 
cases were studied and showed a predomi- 
nance of penicillin sensitive organisms. 


ress. The results of the cultures were 
also surprising. These eruptions, chiefly 
on the buttocks, thighs and legs, or in 
the groin or asillre appeared to be infec- 
tions, but often responsible organisms 
could not be isolated. In 3 cases, some 
of the hairs pulled from the center of pus- 
tules gave no growth when inoculated on 
blood plates. Other cultures showed only 
1 or 2 colonies or only coagulase negative 
staphylococci. From only 4 did we ob- 
tain numerous colonies of penicillin sus- 
ceptible, coagulase positive staphylococci. 
One of these cases cleared and 2 improved. 

PTmuNCULOsis. Tv,'enty-one cases of 
furunculosis were treated, 5 by intra- 

C&ses 


PeniciUin sensitive staphylococci 
Penicillin sensitive staphylococci and streptococci . . . . 

Penicillin resistant staphylococci 

Sensitive cocci and resistant cocci 

Staphylococci of doubtful sensitivity 

Only coagulase negative staphylococci 


It appeared that in folliculitis caused 
by sensitive cocci, penicillin is effective if 
applied in sufficient concentration. 

In 4 other cases the infection was con- 
trolled only after 5 to 11 w'eeks of treat- 
ment. All showed penicillin resistant 
staphylococci, w'hich persisted in repeated 
cultures. After trial of many dosages, 
they finally cleared under paintings wnth 
a solution of 100,000 units per cc., plus 
(in 3 cases) intramuscular injection of 
600,000 units a day. 

Eight other cases with resistant staph- 
ylococci seemed nearly clear after similar 
huge doses, though occasional pustules 
continued to appear. Still others showed 
striking improvement in the 1st week and 
developed no conspicuous lesions as long 
as treatment was continued. One must 
doubt whether any of tfjese patients were 
permanently cured, but it did appear 
that enormous amounts of penicillin had 
some inhibitory effect on these resistant 
staphylococci. 

FoLucuEms OF THE Trttkk asd Ex- 
tremities. The results in this group of 
28 patients were surprisingly poor. Only 
8 cleared up, 4 others were markedly im- 
proved and 16 made no significant prog- 


muscular injections, 5 by oral administra- 
tion, 4 by intramuscular injections fol- 
lowed by oral administration and 7 by 
local application of ointments. They 
were treated for 2 distinct purposes; the 
control of the acute furuncles and the 
prevention of recurrence. As furuncles 
discharge and heal spontaneously tlie per- 
centage healing under penicillin is of no 
significance, but definite impressions were 
gained from our observation of these eases. 

Local application had no effect e.vcept 
perhaps to accelerate healing of alrc.idv 
discharging furuncles. The effect of intra- 
muscular injections ivas dramatic in I ease 
with multiple large funinclcs and in 
others appeared to hasten the involution 
of acute lesions. Or.al treatment ga'c 
similar, though less convincing resu't-*'- 
Relapses occurred in only 1 of the 10 ca-'es 
which were followed. 

HIDROSADE^^•^s. Uniform, at ie.ts 
temporary success was obtaincel in 0 
tients with axillary lesions prohihly 
n.Tting in the sweat glands. The 
had recent infections, but 1 had 
repeated lesions for a year and 
for 6 weeks. Tliey receiiwl intramU'CU y 
injections for from 2 to 10 da;..'> an' 
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3 cases this was followed by a course of 
oral therapy. All cleared in a median 
time of 1 week. Only 2 cases could be 
followed and 1 of these had relapsed. 

Dermatophytosis. Among the cases 
treated in this series were 264 pyogenic 
infections of the feet, -which were appar- 
ently secondary to dermatophytosis; 36 
cases, who showed an eczematous reaction 
on the dorsa of the toes, have been includ- 
ed for tabulation in the group of eczema- 
tous dermatidides, because it was found 
that the presence of such reaction influ- 
enced the response to penicillin. Of the 
remaining 226 non-eczematous cases, 25 
had lymphangitis or lymphadenitis, which 
in most arose from infected dermatophytic 
bullre on the sole; 42 others had similar 
infected bullaj witliout extension of the 


ing results were those in cases complicated 
with 15 '^mphangitis and lymphadenitis. It 
had previously seemed necessary to hospi- 
talize many such cases, but 19 of the 25 
cleared up when bandaged with penicillin 
gauze and simply relieved from active 
duty. 

These results would lead one to con- 
clude that this antibiotic is of outstanding 
value in these pyogenic infections of the 
feet; but the bacteriologic findings make 
it diffieult to attribute all cures to the 
penicillin. Of 165 cases from which cul- 
tures were studied, 90 (54%) yielded 
staphylococci resistant to penicillin in 
miro. These were sometimes in pure cul- 
ture, sometimes mixed with penicillin sen- 
sitive strains and often with streptococci 
(see table). 

Infection 
No. controlled 

cases (%) 


Penicillin sensitive staphylococci only 21 90 

Penicillin resistant staphylococci only 26 73 

Penicillin resistant stapliylooocci -with or -without sensitive 

staphylococci and/or hemolytic streptococci 90 78 


infection to the lymphatics. There was 
a non-suppurative cellulitis of the toes in 
22 cases. In 78 cases there were weeping 
areas where the stratum corneum was de- 
nuded and 13 showed fissures between or 
beneath the toes. Of the remaining 46, 
many showed pustules or other evidence 
of pyogenic infection, but some were 
simple intertrigos of the toes, in which it 
was desired to tost the effect of penicillin. 
Fungi were demonstrated in 73 % of 
2-10 cases, scrapings from whom were 
examined microscoiiically. 

The pyogenic infection appeared con- 
trolled in S2% of these cases in a median 
time of -I days. The relapse rate 14% 
was not high. Ihssure.s healed jiromptly 
in all 13 eases treated. Denuded areas 
healed in 78% of such cases in a median 
time of only*3 days. Cellulitis cleared in 
the same percentage. Two patient.s vith 
a streptococcus infection, vhich spread 
by undermining the horny layer of the 
sole — a type of infection it has been difti- 
cult to TOUtnd vith other agents— did 
well under penicillin. The most convinc- 


The following observation showed that 
the less severe cases ivould heal without 
the aid of an antibacterial agent. Nine 
patients with denuded areas or infected 
bullaj were treated for 1 to 8 days on 
1 foot witli penicillin gauze and on the 
other with gauze impregnated with plain 
carbowax. In 8, both feet healed with 
equal rapidity. In the 9th, the penicillin 
foot healed more rapidly. 

It is probable that in cases showing only 
sensitive cocci, penicillin was effective, 
and that in others, with mixed cultures, 
its inhibition of sensitive strains was 
decisive in controlling the infection. The 
overall frequency and rapidity of cure 
was probably increased by the routine use 
of penicillin. 

Comparison with cases previously treat- 
ed with other antibacterial agents, indi- 
cates that penicillin was more effective. 
During the past 3 years we liavc tised 
sulfuthiazole 5% combinetl with tannic 
acid 10%. zinc peroxide 20% and zephiran 
0..5% extensively in treatment of pyogenic 
infections of the feet. Selecting only cases 
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with similar lesions and only those whose 
feet were bandaged with carbowax gauze 
impregnated wdth the antiseptic, the re- 
sults were compared with the patients 
similary treated with penicillin (Table 2). 

In all 3 t5T)es of cases, the percentage 
clearing under penicillin was higher and 
the average time of clearing less than with 
the other treatment agents. The rapidity 
of response to penicillin was especially 
striking. In 3 days infection was con- 
trolled in 40% of the cases treated with 
penicillin, in 20% of those treated with 
sulfathiazole, in 18 % of those treated with 
zinc peroxide and only 12% of those 
treated with zephiran. 


often undetermined, and it was co' 
expected that penicillin would influence it 
On culture, however, these cases oftei 
yield a growth of coagulase positivi 
staphylococci, more profuse than one oh 
tains from a boil, and it was hoped penic 
illin would control this secondary infectior 
which seemed frequently tlie chief cause 
of symptoms. In this series it appeanxi 
promptly effective in onlj* 28 cases ir 
which evidence of pyogenic infection dis- 
appeared in from 3 days to 2 weeks. 
These included 11 cases of probable der- 
matophytosis with secondary infection 
and eczematization, 5 eczematous erup- 
tions on the hands and 5 oii the lower 


I 2. — lUFECnOSB IN DESMATOMlY'rOaW 


' Vj-pes ol lesion^ 

Infected bullm: 

Penicillin 

Sulfathiazole 

Zephiran 

Denudation: 

Penicillin 
Sulfathiazole 
Zinc peroxide 
Zephiran 

Fissures; 

Penicillin 
Sulfathiazole 
Zinc peroxide 
Zephiran 

Intertrigo. There were 15 patients 
with intertrigo of the groin or axillae treat- 
ed with penicillin ointments; 8 were exam- 
ined for fungi and all tvere negative; 
infection was controlled in only 3 cases; 
5 were materially improved. It is doubt- 
ful if even the few cures obtained were 
due to specific action of tire penicillin as 
out of 12 cases from whom cultures were 
obtained, 11 showed resistant staphylo- 
cocci. 

Eczem.vtous Dermatitis. Under this 
heading are included 144 heterogeneous 
cases all of which showed a dermatitis 
cliaracterized by edema, and pin-point 
vesicles or areas of exudation. !Most 
showed also pustulation or other cWdcnce 
of secondary infection. The etiology of 
the primary dermatitis was varied and 


No 

Infection 
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.\verflEe time 


(7c) 
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40 

85 

4 

8 

62 


6 

S3 

3 

7S 

81 

3 

61 

5P 

6 

28 

55 

tl 

8 

50 

5 

13 

100 

.3 

15 

67 

4 

S 

"5 

6 

$ 

57 
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legs and ankles which may have been 
primarily derma toplu'tids. There wen 
4 cases of contact dermatitis in whir i 
protection from the respective allergen- 
doubtless aided in curing the infection 
The effect of penicillin was most conMUC- 
ing in 3 cases of infectious eczcniatn.' 
dermatitis of the toes .secondary to par^ 
onychia which cleared up prornptlj nno 
completely. 

Tlierc were also 10 ea.He> of chroat' 
dermatitis of the hands, feet nr lower 
from 1 month to 7 years in duration i- 
which not only suppuration, hut prarii 
cally nil signs of dennatitis clrarrx uf 
und'er prolongcil treatment with 
Two were sensitive to shoe leatlar, 
removal of shoes had not stiflicrd to 
up their infeet inn This ■irnall CToup 
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tlierapeutic successes appeared important 
on account of the difficulty of aiding 
these chronic cases by any other procedure. 

Individualization of treatment seemed 
necessary. Some, who reacted to strong 
ointment, did Avell under a weaker prepa- 
ration! Others unimproved by weak oint- 
ments, cleared up under the use of a 
stronger. Some who appeared sensitized 
at first, could later be treated success- 
fully after their sensitization had subsided. 
In several cases, the infection was finally 
controlled only after trying many modifi- 
cations in therapy for a period of 1 or 
2 months, and 1 was treated 11 weeks. 
Two patients who had repeatedly reacted 
to attempts at local therapy finally cleared 
up without evidence of sensitization under 
intramuscular injections. Conversely, 1 
patient who reacted with urticaria to intra- 
muscular injections, was successfully treat- 
ed with local applications. 

In only 2 out of 12 cases of seborrheic 
dermatitis was penicillin therapy followed 
by significant improvement. In a number 
of other eczematized cases pustulation 
was controlled without material relief of 
the patient’s discomfort. In the majority, 
even the pyogenic infection proved re- 
sistant. This is probably explained by 
the frequent occurrence of penicillin resist- 
ant strains of staphylococcus and the 
frequency with which hypersensitivity to 
penicillin develops in these eczematized 
cases. 

Acnk. Pustular or cystic acne was 
treated in 23 cases, again with no exjjecta- 
lioti of influencing the primary disease, 
Init in hope of controlling the secondary 
infection. In only 1 case did tlic infection 
appear completely controlled. Local ap- 
plications of ointment had no discernible 
effect in 4 cases. Intranniscular injections 
or oral treatment showed substantial 
iinprovoTnent in only 3. This may well 
he explained by the fact that cultures 
frtun t> cases showed rt'sistant strains of 
staphylococ'ci, and that cultures from 1 
cystic ease were completely sterile except 
for a few ctflonies of cnngnl.ase negative 
st:iphyl<xx>i'(')- 


The temporary successes with penicillin 
therapy, though few, were of some interest 
because incision of infected cystic lesions 
frequently leaves scars which are dis- 
figuring when they occur on the face. 
The possibility of controlling such lesions 
without incision would seem a therapeutic 
asset, even if success is infrequent and 
temporary. 

Miscellaneous Cases. A number of 
patients with other dermatoses which ap- 
peared secondarily infected were treated 
with penicillin ointment. Among them 
were found 4 cases of psoriasis and 4 of 
lichen simplex. In 1 of these latter and 
1 patient with pustular rosacea, from 
whom streptococci Type C were recovered, 
the infection cleared promptly. Most of 
the others from whom cultures were ob- 
tained yielded only resistant strains of 
staphylococci and all failed to clear under 
treatment. 

The Susceptibility to Penicillin ok 
Strains Encountered. Strains of pyo- 
genic cocci isolated from these lesions 
were tested for tlieir sensitivity to penic- 
illin by a cylinder plate method.'"’ Most 
staphylococci fell into 2 groups and gave 
readings indicating either inhibition by 
0.01 unit of penicillin or le.ss per cc. or 
resistance to 100 or more units. Only a 
moderate number of intermediate strains 
were encountered. Only beta hemolytic 
streptococci were recorded and most wore 
highlj' sensitive to penicillin. Many 
were of Group A, but strains of Group C 
and Group G were frequent and a few of 
Group B were isolated. The pathogenicity 
of the last 3 must be questioned. 

Streptococci disappeared in most cases 
after a few days of local penicillin treat- 
ment, but occasionally reappeared in later 
cultures althcugh treatment was contin- 
ued. In a few cases they persisted and 
1 eczema of the ankle yielded a profuse 
growth of penicillin sensitive streptococci 
(Group. C) in 10 successive cultures dur- 
ing a 3 weeks period of loc.al treatment. 
Sensitive strains of staphylococci also 
disappeared in most cases though widi 
le.si regularity nnrl epeed Resistant 
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strains of staphylococci often persisted 
after treatment even vitli concentrated 
solutions, but usually disappeared if the 
lesions healed. 

The overall correlation between tlie 
response of different diseases to treatment 
and tlie sensitivity to penicillin of organ- 
isms isolated from tliem was good except 
in ectliyma and dermatophytosis. In 
impetigo, furunculosis and hidrosadenitis 
tlie percentages of susceptible cocci and 
of favorable response to treatment were 
high. In folliculitis, intertrigo, eczema- 
tous dermatitis and acne resistant strains 
were frequent and response to penicillin 
tlierapy was poor. In ectlij’ma and in 
infections secondary to dermatophjiiosis, 
however, tlie clinical results were excellent 
although the percentage of resistant strains 
was high. Of 14 patients with lymphan- 
gitis or IjTnphadenitis from whose portal 


tive against resistant staphylococci espe- 
cially in some cases of folliculitis of the 
beard, which finally cleared after most 
intensive therapy. 

Sensitization to Penicillin. Eeac- 
tions during treatment (Table 1) or to 
subsequent patch or intradermal tests 
showed that penicillin is a potent skin 
sensitizer. Some form of cutaneous reac- 
tion which appeared allergic appeared in 
1 1 % of all patients and in 25 % of those 
with eczematous dermatitis. These will 
be discussed in a subsequent report. * 
Although many of these sensitizations 
were loealized and transitory, thej' ac- 
counted for a large proportion of the 
treatment failures. In the brief treat- 
ment required for impetigo, ecthjnna or 
infected dermatophytosis they seldom 
interfered with success but their high fre- 
quency in cases with previous eczematiza- 


lesions resistant strains of staphylococci • tion seemed a warning against the local 


were isolated, 11 recovered promptly 
under penicillin. In nearly all groups, 
individual cases from which resistant 
strains were recovered healed promptly. 

Three events might account for tliese 
paradoxical results: (o) Healing may have 
been spontaneous or due to non-specific 
effects of the dressings supplied. This 
was probably true in many cases of der- 
matophjdosis. (5) Inhibition of penicillin 
sensitive strains may have determined 
the cure because the coincident resistant 
strains w’ere less virulent. Inhibition of 
the streptococci frequently present in 
ecthyma and dermatophytosis was prob- 
ably decisive and it appeared in many 
cases that inhibition of sensitive staphylo 


application of penicillin in such cases. 

Local Tre.a.tjient. Ointments con- 
taining 100,000 and 10,000 units per gm. 
W’ere freshly prepared each week in 3 tj’pe.’ 
of bases, an oil in w’ater emulsion (U. S. 
Army Supply Item No. 1173800), a bento- 
nite gel and a glycol-carbowax mixture.* 
A solution of 100,000 units per cc. of 
water w’as painted on certain lesions. 
Ointments were kept on ice and reapplied 
every 2 hom-s when practicable. Gauze 
impregnated with penicillin in carbowax 
base was found convenient and economical 
for cases requiring dressings. 

The 100 unit ointments were definitelj 
less effective than the stronger prepara- 
tions. In a few’ cases infection was con- 


cocci 
or 


,,,i resulted in cure in spite of persistence trolled by 10,000 unit or 100,000 unit 
resistant strains. The observations of applications after the weaker on® h^ 


failed. On the other hand, sensitization 
developed more frequentlj' after use o 
the stronger preparations. Although en 
dence for greater effectiven®s of 
stronger preparations w’as inconclusu e,^ i 


Spink,® however, throw doubt on the 
latter hj’pothesis. (c) Strong ointment or 
large doses may have produced sufScient 
concentrations in some lesions to inhibit 
resistant strains. This could hardly be „ . ^ 

true of some strains which were \'iable,in seemed probable that ointments con 
broth containing 1000 or 10,000 units ing 10,000 units per gm. were advan ag- 
per cc., unless one assumes that penicillin ecus in most instances and pamtmg n 
is more effective in tissue than in test 100,000 units necessary in some cases 
tube. However, clinical observation did folliculitis. _ _ ^ 

strongly suggest that penicillin was effec- No difference in the bacteriostatic e 
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of penicillin could be detected when ap- 
plied in the 3 bases. The emulsion base 
was best tolerated by eczematous cases 
and carbowax proved most convenient for 
dressings. There is also evidence that 
penicillin is more stable in carbowax 
because it is anhydrous.'’ 

Intramusculak Therapy. Penicillin 
in oil and beeswax was injected once or 
twice daily in doses of 300,000 units. Four 
cases of impetigo and 3 of ecthyma were 
so treated, enough to demonstrate that 
parenteral penicillin was effective in these 
superficial infections. Such treatment 
seemed quite unnecessary. l\hile some 
cases of folliculitis of the beard did well 
with strong local applications, others 
failed to respond until given intramuscu- 
lar injections. Most of our cases of 
lymphangitis and cellulitis responded to 
application of penicillin to the portal of 
entry, but parenteral therapy was obvi- 
ously more effective. In furunculosis and 
hidrosadenitis, parenteral or oral, seemed 
the only routes of therapy worth trial. 
The frequency of sensitization following 
local treatment of eczematous dermatitis 
indicated that in the majority of these 
cases only systemic therapy should be 
used. 

Oral Therapy. Penicillin was admin- 
istered orally every 2 hours for 9 doses, 
to total 550,000 or 1,100,000 units daily. 
The results were inconclusive. For rea- 
sons which we could not determine, erratic 
and generally unsatisfactory blood levels 
were observed in most cases. This may 
have been because our patients were ambu- 
lant and on ii licavy diet or possibly 


because the formalin treated capsules' 
employed in most of our cases failed to 
release penicillin in the upper intestine. 
In spite of these low blood levels, 1 im- 
petigo, 1 folliculitis of the beard and 
4 of 5 cases of furunculosis cleared after 
taking capsules. Oral therapy seemed 
effective as a sequel to intramuscular in 
the few cases of chronic furunculosis, 
folliculitis and hidrosadenitis in w'hich 
prolonged follow-up treatment could be 
maintained. If reduced costs make the 
huge doses required practicable penicillin 
by mouth should prove useful in suppres- 
sive treatment for prevention of relapse 
in these chronic infections. Its use in 
eczematous dermatitis would greatly re- 
duce the danger of sensitization. It may 
even prove more convenient than oint- 
ments in treating superficial infections 
such as impetigo. 

Summary. 1. Local penicillin therapy 
was rapidly effective in the majority of 
cases of impetigo, ecthyma and the pyo- 
genic complications of dermatophytosis. 

2. Intramuscular penicillin was effec- 
tive in furunculosis and hidrosadenitis. 

3. One-third of our cases of folliculitis 
of the beard cleared at least temporarily 
under penicillin. Concentrated local ap- 
plic.ations combined with intramuscular 
injections often appeared necessary. 

4. Secondary infections in eczematous 
dermatitis were controlled in 40 of cases, 
but .sensitization developed frequently 
after local therapy. 

5. Penicillin was seldom effective in 
seborrheic dermatitis, intertrigo, follicul- 
itis of the trunk or extremities or acne. 
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ELECTROCARDIOGRAPHIC PHENOMENA ASSOCIATED WITH SPONTANEOUS 
PNEUMOTHORAX AND MEDIASTINAL EMPHYSEMA 

By Capt. David Littaianx, A.U.S. 

VETEUANS ADMINSTUATION HOSPITAL, ^VEST EOXBUnV, MASS 

In the differential diagnosis of acute, 
severe precordial pain, spontaneous pneu- 
mothorax alone or in association with 
mediastinal emphysema must be consid- 
ered. The literaturc''^-'”'” ’^'*^ contains 


descriptions of a fair number of such 
cases and in the course of extensive hospi- 
tal practice instances of spontaneous pneu- 
motliorax are not rare.'^There are suffi- 
cient phj’sical signs, for the most part, 
to render the diagnosis readily apparent. 
In some instances, however, the amount 


pulmonary vessels and reduction of their 
lumen by, air dissection of the vascular 
sheaths.*'^ Interfere nce with corona ry fill- 
ing is also thought to occur as the res ult 
of increased mediastinal pressure. The 


latter would be similar in effect to increas- 
ed intrapericardial ~pressure and could 
even cause tami5on ade^of the he art. Other 
observers® have noted -dhat Totation"^ 
the heart o n its anatom ic axis may result 
in ele ctrocardiograpluc alteration s. VAny 
or all o f these factors mav be operati ve 
of air escaping into the pleural space isxyit is of in terest to note tliat these cas es 
small and the diagnosis can only be made demo nstrating gross electrocardiograp hic 
by radiography. In a similar manne r, 
although Ham man’s sign is g enerally 
present in mediastinal emphysema, if 
often simulates a pericardial fraction rub^,^ 


changes w ere all associat ed witJi a Jeft - 
sided pneumothora x-^/' 


»/'\’iTien this is associated with electrocardio- 
graphic changes, substernal oppression 
and radiation of pain to the neck or to 
the arms, one may well consider the case 
to be one of myocardial infarction/ Pneu- 
mothorax alone is known to produce mino r 
chariges''Tn the ^ctrocardiogram s.^'®'^ 
These afeTioncerned largely witli rotation 
of the electrical axis, diminution in the 
height of the T waves and ^ight displace- 
ment of the ST segmentd?(^On the other 
hand, pneumothorax with mediastinal 
emphysema may^, apparently, result in 
grossly abnormal electrocardiographic 
tracings.^”'^^/ Miller ^^ has reported a ser- 
ies of such ca^e^~which demonstrated a 
low Tl, flat or i nverted T4 (4 F) with ele- 
vation^^o ^he ST~ seg ment~and -^alT or 
absent initial deflection in the 4th Irad. 
He sugpste3~EEiat~tESe findfngs -vrere 
probably the result of the associated 
pneumothoraxiv^ H^ever, he also con- 
sidered the presence of a tem^ary func- 
' tional coronary insufficiencyr ^his was 


It is the subject of this paper to inquire 
further into the causes of electrocardio- 
graphic abnormalities encountered in the 
presence of spontaneous pneumothorax oc- 
curring together with mediastinal emphy- 
sema. 

Case Reports. Case 1. An 18 year old 
soldier came into the hospital complaining 
of severe substernal pain wliich radiated to 
the neck and shoulders. The admission 
diagnosis was coronary’’ thrombosis. The 
pain occurred suddenly some 2 hours earlier 
while patient was reaching for a telephone 
It became progressively more severe and re- 
quired morphine for control. The patient 
A’olunteered the information that he felt 
more comfortable in the erect position 
The past and family history’ was entirely 
non-contributory. 

WTien first seen the patient was pale and 
sweating and appeared to be in moderate 
shock. The pulse was 96 and of good qual- 
ity’. The temperature was 97.8 and the 
blood pressure 120/76. Examination of the 
lungs revealed no gross abnormalities an 
the heart was remarkable only in that i 
was percussed with difficulty' and that the 


felt to result from right heart stasis in- .sounds were distant. Due to the 
ducing resistance to coronary emptying/ condition the examination was earned on 
This in turn is due to compr^sion of the in the supine position. 
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An electrocardiogram was made at once 
and this demonstrated a somewhat low Tl, 
a slightly inverted T4 (4F) and an absent 
R4. At this time the patient was reexam- 
ined and in the erect position the character- 
istic mediastinal crunch was noted ; the heart 
sounds were louder and the left border could 
be percussed without difficulty. A Roent- 


gen ray of the chest con&med.the impres- 
sion of spontaneous pneumothorax on the 
left side. There w^as an estimated 10% 
collapse of the lung. Lateral views were 
interpreted as demonstrating air in the 
mediastinum. 

On the following day extensive electro- 
cardiographic studies were made These 
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I'lo. 1,— 1. .1. Po^tprior-.’intcrior view of the mnde on the d.-.v foliotrinc 

Utow to d,.. pnrf.ally lane li. Ix-ft erert made on 'the .nme dat ^ Cu 
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included the custoinarj^ limb leads, CF2, 3 
and 4, CR2, 3 and 4 in the supine, prone 
and erect positions, and a continuous trac- 
ing of CF3 with the ]Datient on a radiographic 
tilt table. This tracing was begun with the 
patient in the supine position. The table 
was first rapidly erected, then returned to 
the horizontal plane. After the electro- 


cardiograms were recorded, lateral radio- 
grams were made of the chest with the 
patient erect and in the supine position. 

It was possible to demonstrate by Roent- 
gen ra 5 '' that there was a great deal more 
air in the space between the sternum and 
the heart with the patient in the supine 
position than when he was erect. 
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The CF leads made with the patient 
supine showed T waves which were either 
flat or inverted; the R waves were absent 
or very small. The CR leads in the same 
position were essentially normal. T1 was 
low, T2 and 3 upright and S2 and 3 were 
prominent. In the erect and prone posi- 
tions T1 was higher, T2 lower and T3 
diphasic to inverted. R1 was higher and 
S2 and 3 very small. The T waves in the 
CF leads were erect although the R waves 
remained small. The T waves in the CR 
leads were upright and higher and the QRS 
excui'sions larger than in the supine posi- 
tion. The continuous tracing made vdth 
the patient first supine, then erect and 
finally supine showed a constantly altering 
T wave which was first inverted, then erect 
and finally inverted. 

During the period of hospitalization which 
lasted 15 days the temperature went to 
99.4 on several occasions and the WBC to 
14,200. Except for moderate precordial dis- 
comfort during the first few days noted 
onlj"- in the recumbent position the patient 
had no complaints'. 

At the end of this time the mediastinal 
emphysema and pneumothorax had cleared 
entirely and the electrocardiogram became 
normal in all positions. The last curve still 
showed a rather small R wave in the CF 
leads but was within normal limits and 
essentially similar to those tracings made 
earlier in the erect or prone position. 

Case 2. A 19 year old soldier first ex- 
perienced substernal pain and oppression 
approximately 2 weeks before coming into 
the hospital. This happened while he was 
working in a tank and was not associated 
with an}' severe physical effort. The pain 
increased in severity to the point where he 
had to stop his work. However, the pain 
receded gradually during the succeeding 3 
or 4 days and he did not seek medical care. 
On the afternoon of his entrance into the 
hospital he was again working on a tank, this 
time h-ing under it, when he was taken by 
a sharp pain under the sternum. The pain 
was rather more severe than d\iring the 
first attack and radiated to the left shoulder. 
He was subsequently admitted to the hospi- 
tal. The teinperature was 97.8', the pul'c 
100 and the "WBC was 14,300. 

The diagnosis was not at once apparent 
and an electrocardiogram was ordered 
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together -n-ith other laboratorj’- procedures. 
This demonstrated essentially normal limb 
leads. However, 4F showed a small initial 
deflection, elevated ST segment and invert- 
ed T wave. He was oidered back to the 
electrocardiograph laboratorj'' for additional 
tracings and at this time the phj'sical signs 
of left-sided pneumothorax with mediastinal 


emphysema were noted. Roentgen rayt 
■were made of the chest and these included 
PA and lateral films with the patient erect 
and in the supine position. Electrocardio- 
grams ■v'ere made, including the customaij 
limb leads and 4F with the patient supine, 
erect, prone and on his right side, 4R and 
a continuous 4F tracing with the patient 
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on a radiographic tilt table as described in 
Case 1. 

The Roentgen rays demonstrated a left- 
sided pneumothorax with approximate^' 
20% collapse of the lung. A large amount 
of air was seen in the retrosternal space 
when the patient was supine and a much 
'^mailer quantity when he was erect. 


Approximately 1 week after admission 
the pneumothorax had diminished to ap- 
proximately one-half of its original extent 
and the mediastinal emphysema had cleared. 
At this time the T wave in 4F was erect 
though low and did not differ materially 
with the position of the patient. Lead 4R 
was essentially unaltered. 
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Ihe T w.ave in 4F was inverted when 
the patient w.as supine; it was erect thoimh 
somewhat low when he was on his right side, 
prone or erect. The tiltinc tracinc domon- 
stratwi continuous alte.-ation of the T wave 
from inverted to erect to inverted, le.-.d 4R 
wR.'s entirely nnmi.al. 


Some 2 weeks Later Ci weeks after admis- 
sion) tlia.m w.as complete cle.aring of the 
pneumothorax. An elect rocardioCTa.m made 
at that time was entirely within no.'m.al 
limits. Tiro T wave in -IF w.as still higher 
when made in the erect po^'ition than in the 
"upme. Thr trarinc did not differ dsmih- 
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cantly from the one made 2 weeks earlier 
when some pneumothorax was still present 
but the mediastinal emphysema had cleared. 


Discussion. In this paper we are not 
concerned with the pathologic physiology 
of spontaneous mediastinal emphysema 
with pneumothorax, except where it may 
help explain the coincidental electrocardio- 
graphic phenomena. Macklin’ has demon- 
strated that air dissection of the vascular 
sheaths of the pulmonary vessels may 
occur and serve to interfere with pulmon- 
ary circulation. In support of this con- 
clusion is the case reported by Fisher’ of 
a newborn infant who died with medias- 
tinal and interstitial pulmonary emphy- 
sema. In this case the right auricle and 
ventricle were found to be dilated at 
autopsy. This interference with the pul- 
monary circulation is logical and under- 
standable. However, it is difficult to see 
how this phenomenon would serve to im- 
pede coronary flow. In mitral stenosis 
with failure of the left auricle, for ex- 
ample, considerable increase in pulmon- 
ary pressure occurs without any interfer- 
ence with coronary circulation. In a 
similar manner, it would require a tremen- 
dous increase in mediastinal pressure to 


cause significant alteration in the coronary 
flow. Long before this took place there 
would be collapse of the great veins and 
auricles. The pain is probably better ex- 
plained on the basis of dissection, tearing 
and splitting of pulmonary and vascular 
tissues than as a result of coronary inade- 
quacy. In support of this conclusion is 
the almost instantaneous alteration of 
the electrocardiogram noted with change 
of position, yfelectrocardiographic evidence 
of coronary inadequacy could hardly oc- 
cur so promptly or be corrected so rapidly. 
V It is apparent from the cases reported 
by Miller and those noted above that ex- 
tensive electrocardiographic changes may 
be observed in the presence of mediastinal 
emphysema and left-si-' ■"--•‘rT" 

, It is of further interesr ' ' ■' 

''^were largely confine d to -the pr ecogiial 

lead and that the jndiffcre nt_e|getrode 
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was placed on the left leg. The minor 
chang^'ohservM’uTthe limb leads are not 
in themselves significant. 

From the electrocardiographic data at 
hand certain observations appear perti- 
nent and significant: 

' 1. Gross electrocardiographic changes 
in the presence of mediastinal emphysema 
and left-sided peumothorax are observed 
only in the CF leads. 

2. These changes can be obtained only 
when the electrocardiogram is made with 
the patient in the supine position. 

When the patient is in the prone, 
erect or right lateral position the tracings 
are essentially normal. 

4. The CR leads are normal in any 
position although the height of the T 
waves and size of the QRS excursions 
show variations. 

. /■ 5. The presence of left-sided pneumo- 
thorax without mediastinal emphysema 
does not produce significant electrocardio- 
graphic deviations. (Case 2 at the end 
of 1 week with clearing of the mediastinal 
emphysema and persistence of the pneu- 
thorax.) 

6. Mediastinal emphysema without left- 
sided pneumothorax does not produce 
gross electrocardiographic changes. (Con- 
dition which obtains when the pneumo- 
thorax is out of the way at the apex of 
the chest, when patient is ereet, or poste- 
riorly when he is prone.) 

N. 7. The electrocardiographic changes 
found with left-sided pneumothorax and 
mediastinal emphysema in the CF leads 
when the patient is supine occur instanta- 
neously and can be correeted in a matter 
of seconds by change of position. 
v'From these observations certain con- 
clusions arc probable. It is apparently 
necessary to have both mediastinal em- 
physema and left-sidc<l pneumothorax to 
priHluce the electrocanliographic devia- 
tions describetl above. Additionally, the 
pneumothorax must be pres ent in front 
of the hear t. “Flnall^the changes are ob- 
serv^l to a significanr de gree o nly in the 
irTT'likcly. therefore, that 
the observed N^\riaiioh7*arehFn~Rie reuiTt 


of diminution in the coronary flow but 
of mterfer'grrce~'wttlr~t be normaT~dis tnbu- 
tion of the el ectrical in^ulse on the su r- 
face o f the chest. 

Katz and his associates® have postu- 
lated that the configuration of the electro- 
cardiogram is dependent to a large extent 
on the character of the tissues interposed 
between the heart and the electrodes. In 
a series of experiments during which they 
inserted rubber dams between the heart 
and its contiguous structures they were 
able to demonstrate marked variations 
in electrical potential dependent upon the 
position of the insulator. Stated another 
way, if the currents generated in the 
living heart produce a given curve when 
obtained from 2 electrodes on the surface 
of the body, this curve will alter if these 
currents are forced to complete their cir- 
cuit by a different pathway. The elec- 
trodes will then be in either a more or less 
favorable position and the tracing will 
reflect this difference. In the cases under 
discussion this occurs when a non-conduc- 
tor, air, is interposed between the myo- 
cardium and the exploring electrode. A 
somewhat similar exTrlanation'- is offered 
for the difference observed in the pre- 
cordial electrocardiogram of young chil- 
dren as compared with adults. Since 
normally the largest portion of the electri- 
cal current of the heart is conducted away 
by the posterior muscle masses and the 
great vessels,® little change is expected 
or found in the limb leads in the presence 
of mediastinal emphysema with pneumo- 
thorax. On the other hand, that portion 
of the current conducted to the front of 
the chest is seriously interfered with by 
the presence of air and results in the gross 
changes described. One must postulate 
further that the potentials existing be- 
tween the right arm and the precorditim 
are not interfered witli to tlie same e.xtent 
as those between the heart and the left 
leg. That some interference exists is indi- 
cated by tlic diminution in the heigln of 
the 1 wave in the CR leads when the 
patients were supine. 

It is possible tliat if tlie nudiastin.al 
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emphysema were of sufficient magnitude 
the extensive electrocardiographic changes 
would be found without tlie simultaneous 
presence of left-sided pneumothorax. In 
the cases described, however, it is appar- 
ent that the additional insulation afforded 
by the pneumothorax when the air is in 
front of the heart is necessary to produce 
the alterations described. On the other 
hand, the pneumothorax alone cannot 
obliterate the precordia) conduction tissue 
sufficiently to cause significant changes. 

To reiterate, the cardiac action currents 
i-each the chest wall largely via the con- 
nective tissue which lies between the 
heart and the sternum and by direct con- 
tact of the pericardium to the chest wall. 
When the connective tissue becomes infil- 
trated with air its conductivity becomes 
impaired and corresponds to that of lung 
tissue which normally is minimal.® How- 
ever, conduction continues to take place 
where the heart is in contact witli the 
chest wall to the left of the sternum. 
When this, too, is obliterated by the 
presence of a shifting pneumothora.x in 
the supine position, the circuit is com- 
pleted by a totally different route and 


ANO JIEOIASTINAL EiMPHYSEMA 

results in gross alterations of the electro- 
cardiogram. If the pneumothora.x is 
sufficient in degree with extensive collapse 
of the lung the shifting phenomenon would 
probably not take place. 

In view of the fact that the only gross 
abnormalities were noted in the CP leads 
obtained in the supine position, it would 
appear logical to employ other leads and 
positions when electrocardiographic vari- 
ants are encountered. 

Summary. 1. Tn'o cases of mediastinal 
emphysema with spontaneous left-sided 
pneumothorax are described, togethei 
with the electrocardiographic changes en- 
countered. 

2. Evidence is submitted in support of 
the hypothesis that the electrocardio- 
graphic alterations observed are the result 
of the presence of air between the heart 
Jind the e.\'ploring electrode, causing inter- 
ference with electrical conduction; and 
that the changes are not the result of 
impedence of the coronary circulation. 

3. It is recommended that CF leads he 
made in various positions and that CH 
leads be taken. 


One additional instance of left-sided spontaneous pneumothorax with mediastinal emphj'sema \va> 
observed since this paper was submitted. This occurred in a young man who was being studied fo) 
the late results of trench foot. The incident took place in the hospital and was not associated with 
physical effort. The same characteristic electrocardiographic changes were noted in the CF leads 
made in the supine position. Nine days later, coincident with clearing of the physical and radiographu 
findings.' the electrocardiogram bec.ame entirely normal. 
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SOME FACTORS THAT MODIFY THE EFFECT OF TRIS ODIUM CITRATE 
ON THE ABSORPTION OF ORAL PENICILLIN 

By Lt. Col. Kobert H. Broh-Kahn, M.C., A.U.S. 

AND 

1st. Lt. R 1 CILA.RD F. Pedrick, Sn.C., A.U.S. * 

RANDOLPH FIELD, TEXAS 

(From the AAF School of Aviation Medicine) 


Since the demonstration by Free, 
Leonards, McCullagh and Biro® that ap- 
preciable quantities of penicillin may be 
iibsorbed from the normal gastro-intestinal 
tract, numerous subsequent reports have 
eonfirmed tlie fact that the oral adminis- 
tration of penicillin may produce thera- 
peutically effective blood levels. All such 
reports have agreed to the extent that 
relatively large doses of oral penicillin are 
necessary for the establishment of such 
blood levels. From tlie viewpoint of the 
quantities required, the oral administra- 
tion of penicillin must therefore be con- 
sidered an inefficient method of therapy 
as compared to parenteral injection. How- 
ever, in view of the obvious advantages 
inherent to oral therapy, efforts have been 
devoted to devise means for increasing 
the absorption of oral penicillin. Accord- 
ingly, numerous studies have been made 
on the effect of various adjuvants and 
vehicles on the absorption of oral peni- 
cillin. 

Of the many adjuvants projiosed for 
use with oral penicillin, gastric antacids 
have received much attention and a num- 
ber of investigators have recorded the 
beneficial effect of the addition of various 
alkalies to penicillin, whereas other reports 
have failed to demonstrate any marked 
advantage in their use. Gydrgy rf al..' 
working largely with children and infants, 
concluded that the simultaneous adminis- 
tration of trisodium citrate let! to more 
prolonged and higher blood levels than 
when penicillin was .administered alone. 
Charney, Alburn and Bcrnhart* substan- 
tially confirmcHl the conclusions of Gydrg.v 
and bus coUabor.ttors. but noted a some- 


what lesser effeet. Cutting, Halpern. 
Sultan, Armstrong and Collins'* have also 
demonstrated the beneficial effect of alka- 
lies. Other reports have noted a similar 
effect of aluminum hydroxide.^® On the 
other hand, such reports as those bj’ 
McDermott et al}° and Finland, Meads 
and Ory® failed to demonstrate that the 
addition of alkalies markedly affected the 
extent of absorption. Numerous other 
uncited reports have confirmed one or the 
other of the two groups of investigators. 
Thus, although many reports have been 
published concerning the oral administra- 
tion of penicillin, various claims remain 
unconfirmed and there still exists a marked 
disagreement concerning the effect of 
antacids. 

Unfortunately, it has not been possible 
to establish a valid basis for the compari- 
son of such results as those cited above 
inasmuch as the administration of oral 
penicillin has not always been investigat- 
ed under comparable conditions. Thus, 
whereas Gyorgy cl al.' determined absorp- 
tion in infants and children, others* ® '® 
worked principally with adults. The size 
of the individual doses administered has 
also varied from 20,000® * to 31.5,000'® 
units. Certain groups* ® '® have reported 
the extent of absorption primarily in fast- 
ing subjects, others®-® have investigated in 
detail absorption in both the fasting and 
tlie post-absorptive state. Finland, Meads 
and OrA-® reported results obtained from 
the use of some proprietary preparations, 
the nature of which has been kept a secret. 

In a preliminary communication," we 
investigated some of tJie factors that 
appcarofl to influence tlie absorption of 


• On of nWnro f.-ora tlio Ir-'init*. fn- RAv-.-rJ,. Cirrir.np.'i. Ohv 
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oral penicillin by normal adults. Our 
results indicated that both the size of the 
dose and its relation to mealtime may 
have an important influence on the effect 
of trisodium citrate on the absorption of 
oral penicillin. These results are reported 
here in the hope that they may be useful in 
reconciling some of the inconsistencies 
noted in previous investigations. 

Methods. Young, healthi', adult, male 
volunteers were given different dosages of 
penicillin either before or after mealtime, 
usually breaMast, and blood levels and, in 
manj^ instances, total urinary excretions 
were determined at intervals subsequent to 
its administration. Calcium penicillin plus 
trisodium citrate was given in the form of 
tablets, each tablet containing 1 gm. of 
citrate plus 25,000 units of calciiun penicil- 
lin. Calcium penicillin “without buffer” 
was administered in ordinary gelatin cap- 
sules, each capsule containing 50,000 units 
intimately mixed with lactose as a filler. 

Penicillin was determined in both serum 
and urine by a slight modification of the 
serial-dilution method of Hobby, Meyer and 
Chaffee.® All determinations were made in 
conjimction with duplicate standards of cal- 
cium penicillin with the C203i\'r\'" strain of 
hemobdic streptococcus as the test organ- 
ism. In the conditions used, this organism 
was sensitive to approximateb' 0.01 units 
per ml. when the presence or absence of 
grossly visible growth after 24 hour incuba- 
tion was used as the sole indicator. 

Following ingestion of the penicillin, all 
subjects were permitted to perform their 
ordinary duties during the intervals between 
assa 5 ''s and were not cautioned in regard to 
restriction of fluids. 

Results. Since our original report, ovu- 
experience has been increased to include 
the results of blood and urine assays per- 
formed on over 150 subjects. One subject 
who ingested 175,000 units of penicillin 
plus 7 gm. of trisodium citrate on a fasting 
stomach became temporarily nauseated. 
None of the other subjects complained of 
any ill-effects from any of the preparations 
used. 

For the sake of clarity the results are 
gmQxnarized under a number of different 
headings. In deference to brevity, repre- 


sentative results are presented rather than 
a detailed list of all assays performed. 

1. Calcium Penicillin (“Without An- 
tacid”). (a) One Hour After Breakfast. 
The results in Table 1 demonstrate that 
the administration of 100,000 units 1 hour 
before breakfast generally resulted in ap- 
preciable blood levels for 2 hours and in 
the recovery of appreciable but variable 
amounts in the mrine over a 12 hour period. 
The ingestion of 50,000 units resulted in 
appreciable but usually markedly decreas- 
ed urinary excretions. Less than 0.0125 
units per ml. were generally present in the 
serum . Our failure to produce satisfactory 
blood levels by administration of 50,000 
units was somewhat disappointing but not 
entirely unexpected since others® have also 
noted that “It is probable that there 
would be many failures with single doses 
of 50,000 units of penicillin.” 

(b) One Hour After Breakfast. The re- 
sults in Table 2 illustrate the fact that 
the administration of either 50,000 ^ or 
100,000 units usually resulted in negative 
blood levels and relatively insignificant 
urinary excretions. 

2. Calcium Penicillin With Trisod- 
lUM Citrate, (o) One Hour Before Break- 
fast. The results in Table 3 illustrate the 
satisfactory blood levels that were found 
for 2 to 3 hours after the administration 
of either 50,000 or 100,000 units. The 
same results indicate high percentages of 
urinary recovery but subjects with similar 
blood levels frequently were found to ex- 
crete markedly divergent amounts of 
penicillin. 

(6) One Hour After Breakfast. The re- 
sults of Table 4 indicate that, in general, 
both the blood levels and the urinary 
excretions were similar to those obtained 
when penicillin was administered to the 
fasting subject. 

Discussion. The importance of the size 
of the individual dose as a determinant of 
the effect of trisodium citrate on the ab- 
sorption of oral penicillin does not appe^ 
to have received adequate emphasis. _ In 
general, the blood concentrations obtained 
after administrations of various quantities 
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of penicillin increase witli the size of the 
dose. However, this increase is not 
directly proportional to the dose, succes- 
sive increases of the latter producing de- 
creasing increments in the height of the 
blood level.^ 


If trisodium citrate protects penicillin 
against destruction by the gastric acid, 
the administration of a given dose of pen- 
icillin with trisodium citrate would, in 
effect, be equivalent to administration of 
a somewhat larger dose of penicillin alone. 


Table 1. — Oral Administration op Calcium Penicillin, 1 Hour Before Breakfast 



Serum levels in units penicillin per ml. 





Hours after administration 


Total units penicillin 

DosaRe 




— . 

recovered in urine over 

(units) 

1 

2 

3 

4 

12 hours 

100,000 . 

.... 0 2 

0 025 

0 

0 

26,524 

100,000 . 

. . . . 0 2 

0 025 

0 

0 

23,494 

100,000 . 

. . . . 0 2 

0 05 

0 

0 

42,953 

100,000 . 

. . . . 0 1 

0 025 

0 

0 

6,984 

100,000 . 

. . . . 0 2 

0 0125 

0 

0 

5,881 

100,000 

. . . . 0 1 

0.05 

0 025 

0 

* 

50,000 

. . . . 0 025 

0 

0 

0 

6,573 

50,000 . 

.... 0 

0 

0 

0 

1,290 

50,000 . 

. . . . 0 025 

0 

0 

0 

13,832 

50,000 

. . . . 0 025 

0.025 

0 

0 

14,772 

50,000 

. ■ . . . 0 

0 

0 

0 

2,088 

50,000 

. . . . 0 

0 

0 

0 

* 


* Not estimated. 

Table 2.— Oral Administration or Calcium Penicillin 1 Hour After Breakfast 



Scrum levels in units penicillin per ml. 




- 1 

"■ ' -V— — — 






Hours after administration 


Total units penicillin 

Dosage 




— . 

recovered in urine 

(units) 

' 1 

2 

3 

4 

over 12 hours 

100,000 . 

. . , . 0 

0 

0 

0 

2753 

100,000 . 

.... 0 

0 

0 

0 

1597 

100,000 . 

.... 0 

0 

0 

0 

1983 

100.000 

. . . . 0 

0 0125 

0 

0 

1134 

100,000 

. . . . 0 

0 

0 

0 

* 

100,000 

. . . . 0 

0 

0 

0 

* 

50,000 

. . . . 0 

0 

0 

0 

805 

50,000 

. . . . 0 

0 

0 

0 

1019 

50,000 

. . . . 0 

0 

0 

0 

* 

50,000 

. . . . 0 0125 

0 

0 

0 

* 

50,000 

. . . . 0 0125 

0.0125 

0 

0 



* Not estimated. 


Table 3.— Ou\l Admimstr.\tion of Calcium Pf-nicillin With Tri=odium Citrate 

1 Hour Before Breakfast 

Ponim level"; in unit"- penicillin per ml. 


Hour- at 


Do«'lRe 

(mut-i 

1 


100,000 . 

. . . .04 

0 05 

100,000 . 

.... 0 2 

0 1 

100,000 . 

.... 0 2 

0 025 

100,OTO . 

. . . .04 

0 1 

100,000 . 

.... 0 4 

0 05 

50,000 . 

. . . . 0 05 

0 05 

50,000 . 

. . . .02 

0 1 

50.000 . 

.... 0 1 

0 025 

50.(XX1 . 

. . . . 0 2 

0 025 

50,0<X1 , 

.... 0 1 

0 05 


;tor 


Total units penicil 
recovered in urine 
over 12 hour* 

3 

4 

0 025 

0 0125 

23.6S0 

0 05 

0 0125 

42,748 

0 

.0 

5.309 

0 

0 

30,076 

0 025 

'o 

41,502 

0 

iO 

16.919 

0 0125 

0 

13.C2S 

0 

0 

8.797 

0 

0 

* 

0 

0 

n 


* Not cstimatt'd. 
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It would follow that the effeet of trisodiuiu 
citrate should be most marked when given 
with smaller doses of penicillin. Actu- 
ally, such seems to be the case. A marked 
effect of trisodium citrate on the absorp- 
tion of 20,000 to 40,000 units has been 
described.®'^ Our results and those of 
others® demonstrate a similar action with 

50,000 units. The results in Tables 1 
and 8 and those of Finland, Meads and 
Ory® show little, if any, effect after 90,000 
to 100,000 units and no effect has been 
found with still larger doses.®® It is there- 
fore attractive to postulate that many of 
the apparent inconsistencies cited above 
in regard to the effect of tlie simultaneous 
administration of penicillin with trisodium 
citrate disappear when due consideration 
is given to the size of the dose. 


strated that such was the case and their 
observations have been confirmed by 
others®’® and by the results in Tables 1 
and 2. Furthermore, the charts of Fin- 
land, Meads and Or^'® demonstrate that 
in patients with pernicious anemia, in 
whom the ingestion of food fails to stimu- 
late acid production, there is less inter- 
ference in the absorption of penicillin 
after mealtime than in normal subjects 
We believe that this effect of the previ- 
ous ingestion of food is, in fact, in part 
due to the destruction of a large propor- 
tion of tlie penicillin so that, in realitj', 
the quantity of effective penicillin avail- 
able for absorption represents but a small 
fraction of the quantity actually given. 
In other words, the administration of 

100,000 units after mealtime is presumed 


Table 4. — Oral Administration of CALCnrai Penicillin With Trisodihji Citrate 

1 Hons After Breakfast 


Serum levels in units penicillin per ml. 





Hours after administration 


Total units penicilhn 

Dosage 





— — 

recovered in urine 

(units) 


1 

2 

3 

4 

over 12 hours 

100,000 


. 0 4 

0 1 

0 025 

0 025 

37,000 

100,000 


. 0 8 

0 1 

0 

0 

36,000 

100,000 


. 0 2 

0 1 

0.0125 

0 

29,400 

100,000 


. 0 025 

0 025 

0 

0 

14,514 

50,000 . 


0 1 

0 1 

0 05 

0 

15,692 

50,000 . 


0 1 

0 1 

0 

0 

17,S00 

50,000 . 


0 4 

0 0.5 

0 

0 

26,00(1 

50,000 . 


0 026 

0 

II 

0 

3.22(v 


The original demonstration by Rammel- 
kamp and Helm®^ that penicillin was read- 
ily absorbed from the gastro-intestinal 
tract of achlorhydric patients has been re- 
peatedly confirmed.®’® Accordingly, there 
is a theoretical justification for the inclu- 
sion of an antacid in preparations of oral 
penicillin. However, if trisodium citrate 
is effective by virtue of its tendency to 
protect penicillin from destruction bj’^ the 
gastric juice, it should be most effective 
under conditions in which there is a 
maximum interference with the absorp- 
tion of penicillin as a result of the increased 
production of acid. Inasmuch as gastric 
secretion is stimulated by the ingestion of 
food, minimal • absorption of penicillin 
might be anticipated to occur in the post- 
prandial state. Gyorgy ei aV demon- 


equivalent to the administration of, siO- 

30,000 units to a fasting subject. If, 
however, the addition of trisodium citrate 
could prevent the destruction of such u 
large proportion of the penicillin, the post- 
prandial administration of 100,000 units 
with trisodium citrate might be expected 
to give results similar to those obtained 
after ingeStion of approximately the same 
quantity by a fasting subject. Charne.vj 
Alburn and Bernhart® first demonstrated 
this decidedly beneficial effect of trisodiuiu 
citrate after meal time. Our results in 
Tables 1, 2, 3 and 4 are in complete 
agreement and indicate that the theoretica 
deductions concerning the effect of tri- 
sodium citrate on the postprandial absorp- 
tion of penicillin conform to the e.xperi- 
mental observations. We are at a loss 
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explain the findings of Finland, Meads and 
Ory® who concluded that no beneficial 
effect was obtained by the use of “ buffers.” 
However, even in their experience, alumi- 
num hydroxide gel gave somewhat better 
results after mealtime. 

Just as is the case in the administration 
of penicillin to the fasting subject, we 
anticipate that the effect of trisodium 
citrate will become decreasingly evident 
as the size of the postprandial dose is pro- 
gressively increased. Indeed, a few trials 
with 500,000 units have given evidence of 
such a decreasing effect but such experi- 
ments have been ton few to warrant 
definite conclusions. 


However, we have been unable to 
demonstrate that the oral administration 
of penicillin markedly prolongs the main- 
tenance of effective blood levels. Indeed, 
analj’^sis of the rates of excretion in 
Table 5 indicates that although the anta- 
cid may influence the total quantity of 
penicillin absorbed, such a quantity is 
rapidly e.xcreted from the body. These 
conclusions are supported by the figures 
for the blood assays, since, in general, 
blood levels tended to fall below thera- 
peutically effective values in 3 hours or less. 

These l esults indicate the necessity for 
the frequent repetition of oral doses for 
the maintenance of effective blood levels 


Table 5. — Rates of Excbetion of Penicillin Administered by Mouth 


% pcmciHin (cumulative) of total excreted in urine over 
12 hours 


Dosiibc 

(units) 

M'lth citrate 

I hour before meal 

Total umt.s pemcilliii 
excreted in urine 
over 12 hour.s 

2 

100,000 

9,005 

42 6 

100,000 

43,198 

59 0 

60,000 . . 

8,797 

51 7 

50,000 

16,949 

93 6 

1 hour after meal 



100,000 

14,514 

57.3 

100,000 

29,400 

05 3 

50,000 

3,220 

71,4 

50,000 

27,930 

50 0 

It'idiont citrate 

1 hour before meal 



100,000 

6,984 

09.6 

100,000 

42,953 

85.8 

50,000 

1,290 

90 5 

50,000 

0,573 

82 8 

1 hour after meal 



100,000 

1,131 

70 5 

100,000 

2,753 

87 2 

50,000 

480 

62 2 

.50.000 

1,019 

68 7 

riic arguitietits 

.iiitl facts ])res 

eiiled 


a hove should not be interprcteil as a proof 
of any decided advantage of tri.^odiuni 
i-itrate over other antacids for we believe 


that any effective non-toxic antacid will 
pn'duce similar cffect.s. Cutting d al* 
uottHl no inarkctl tlifferences between the 
uctivitit's of 3 such jilkalies and other 
reports have establidiovl the afh amacr->s of 
v.nriou'; otlicr nn(arid<.® ” 


Hours after administration 


4 

6 

8 

in 

93 8 

98.0 

99.3 

99 9 

94 C 

98 7 

99 8 

100 0 

94.6 

99 0 

99.8 

100 0 

97 0 

09 1 

99.6 

100 0 


94,8 

97.9 

99.5 

100 0 

95 8 

98 8 

99.7 

100 0 

87 8 

97 6 

99 5 

100 0 

81 2 

97 0 

99 7 

too 0 


93.0 

98.7 

99.7 

100 0 

94 7 

99 5 

99.9 

100 0 

99 9 

100 0 

100 0 

100 0 

99 8 

ion 0 

100 0 

100 0 


85.3 

90 9 

100 0 

100 0 

98 0 

99 S 

100 0 

100 0 

96 0 

99 9 

100 0 

100 0 

88 7 

98 .8 

99 9 

100 0 


just as in tlie case of parenteral therap\ 
Such a considenition emphasizc-s anew the 
,adi',antage of the use of an ant.acid since 
oral penicillin therapy should conceivably 
be continued througliout the da\- without 
interference by meals. The princip,al 
present objection to the widespread use 
of oral penicillin therapy resides in the 
greater quantities required for successful 
treatment- Tne results of GA-org;,- d nl.' 
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and Charney, Alburn and Bernhart/ as 
well as those in this report, indicate that 
smaller quantities of penicillin may be 
required to overcome the interference of 
eating if used in conjunction with an anta- 
cid. ^ Thus, frequent repeated doses may 
be given safely without regard to meal- 
time. There is little doubt that larger 
doses may be effective without an alkali 
and Bunn, McDermott, Hadley and Car- 
ter^ have reported on tlie successful treat- 
ment of pneumonia by the oral adminis- 
tration of penicillin without an added 
antacid. However, thej' felt constrained 
to employ 5 times as large a dosage as 
that required for intramuscular therapy. 
In contrast, we have reported^ the suc- 
cessful treatment of gonorrhea by oral 
penicillin plus trisodium citrate and have 
used only times the total dosage re- 
quired by the Army for treatment by intra- 
muscular therapy. Obviously, any factors 
which tend to decrease the differential 
betu'een the total dosages of penicillin 
required for intramuscular and oral ther- 
apy would tend to operate in favor of 
adoption of the latter as the metliod of 
choice. 

Summary and Conclusions. 1. The 
influence of the size of the dose, its rela- 
tion to meal time and the effect of trisod- 
ium citrate on the absorption of oral 


penicillin were investigated in a series of 
normal adult subjects. 

2. Appreciable absorption of calcium 
penicillin occurred in fasting subjects given 
a dose of 100,000 units but not with a 
dose of 50,000 units. Neither dose resulted 
in appreciable absorption when given 
1 hour after breakfast. 

3. In fasting subjects, the addition of 
trisodium citrate to calcium penicillin 
markedly increased the absorption of 
50,000 units but the effect on the absorp- 
tion of 100,000 units was less pronounced. 
In subjects given calcium penicillin 1 hour 
after breakfast, the addition of trisodium 
citrate markedly increased the absorption 
of both 50,000 and 100,000 units. 

4. Although the various factors influ- 
enced the total quantity of penicillin 
absorbed, they did not appear to affect 
the rate of its excretion from the body. 

5. Statements concerning the effect of 
antacids on the absorption of oral penic- 
illin should be qualified by consideration 
of the dose and its relation to eating.^ It 
is concluded that the effect of trisodium 
citrate and of eating becomes less pro- 
nounced with progressive increase in tlie 
size of the dose and that tlie maximum 
advantage of the inclusion of trisodium 
citrate in a dose of oral penicillin is ob- 
served after administration of smaller 
doses. 
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Trivalent and pentavalent antimony 
compounds have been used extensively in 
the treatment of human schistosomiasis 
and leishmaniasis and more recently to a 
limited degree in human filariasis. The 
major application of antimony as a thera- 
peutic agent in the recent war has been 
its use in the treatment of schistosomiasis 
japonica. Fuadin and tartar emetic, both 
trivalent antimonials, are the drugs prin- 
cipally used in the treatment of this 
infection. Pentavalent antimony com- 
pounds (neostam, neostibosan and stiban- 
ose) have had only limited application 
during the war to a relatively small num- 
ber of cases of leishmaniasis and to a 
less degree in tlie experimental treatment 
of filariasis. It is anticipated that a 
number of individuals with schistosomiasis 
will require retreatment subsequent to 
tlieir release from military service and 
such treatment will be given in private 
practice or at veteran facilities. It is 
therefore our purpose in this paper to 
report certain changes in the electrocardio- 
gram whicli have been observed during 
treatment of schistosomiasis patients at 
this hospital with tartar emetic and fuadin. 

In 1939 hlainzer and Krause,® in at- 
tempting to explain sudden deaths which 
occur during antimony tlicrapy, made a 
study of electrocardiographic changes in 
12 schistosomiasis patients during treat- 
ment with tartiir emetic. They found 
ST-interval and T-wavc changes which 
were “definitely iiathological'' in 3 cases, 
suspicious in 1 eases, and insignificant 
in 2 cases. Tliey believed these ch.'ingcs 
to be line to the direct eiTect of antimony 
on the myocardium, and explained cases 
of smhlen death on tlie bases of an exac- 


geration of this same toxic action Tesult- 
ing ultimately in auricular (?) fibrillation 
and death. Tarr'^ recently reported T- 
tvave changes in approximately 80% of 
66 patients during treatment with anti- 
mony for infections with Schistosoma 
japonicum. These changes, consisting in 
lowering or inversion of T waves in all 
leads, occurred in 100% of the patients 
receiving tartar emetic and in 53% of 
those receiving fuadin. 

This paper concerns itself wdth an 
analj’^sis of electrocardiograms taken on 
100 patients during treatment with tartar 
emetic and fuadin. These patients were 
all observed and treated at hloore General 
Hospital, between April and December 
1945 for infections with S. japonicum and 
S. manso7ii. In none of these cases was 
there any clinical evidence of cardiovascu- 
lar disease either before, during or after 
therapy, nor did any fatality occur. 

Methods. Patients in this study were 
treated with either fuadin (a trivalent anti- 
mony compound given intramuscularly in 
G.4% solution) or tartar emetic (also a tri- 
valcnt antimony compound given intra- 
venously in freshly prepared 0.5% solution 
in 10% glucose). The following treatment 
schedules were used : 

1. Fuadm 70 re. The entire course of 
treatment lasted 27 days. Patients received 
1.5, 3.5 and 5 cc. on Day.s 1, 2 and 3, respec- 
tively. Then 5 cc. were given intramuscu- 
larly every other day for 12 injections until 
a total of 70 cc. had been given. Total 
amount of fuadin was 4.4S gm., rojircsentinc 
0..599 gin. of antimony. 

2. Fiindw too cr. The entire course of 
treatment lasted 14 d.ay.=, 2, 4 and 0 cc. 
beinc mven on D.ay? i. 2’.and 3, respect ivel.v,' 
and then S cc. intramuscularly evcr>‘ dav 
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for 11 injections until a total of 100 cc. had 
been given. Total amount of fuadin was 
6.4 gm., representing 0.870 gm. of antimony. 

3. Tar Emetic 1.^5 gm. The entire course 
of treatment lasted 31 days, 5, 10 and 15 cc. 
of 0.5 solution being given on Days 1 , 3 
and 5, and then 20 cc. intravenously everj' 
other day for 13 injections, until a total of 
290 cc. had been given. Total amount of 
tartar emetic was 1.45 gm., representing 
0.522 gm. of antimony. 

4. Tartar Emetic 1.8 gm. The entire course 
of treatment lasted 29 daj's, with 8 , 12, 16, 
20 and 24 ce. of 0.5% solution given on 
Days 1, 3, 5, 7 and 9, respectively, and then 
28 cc. intravenously everj’^ other day for 
10 injections, until a total of 360 cc. had 
been given. Total amount of tartar emetic 
was 1.8 gm., representing 0.648 gm. of anti- 
mony. 

Electrocardiograms w'cre taken before and 
at various times during and after treatment. 
This study is based on a total of 315 such 
records taken on 100 patients who had re- 
ceived one of the above courses of antimon}' 
therapy as treatment for schistosomiasis. 
Some of the patients had only 2 cardiograms 
taken, i. e., a control and a record taken 
during or immediately after antimony ther- 
apy while others had more frequent observa- 
tions. Unfortunately, in many cases the 
maximum effect of therapy was not recorded 
because electrocardiograms either were taken 
too early "in the course of treatment or, in 
some cases, were taken several days after 
the completion of antimoBJ^ 

All records were taken with the patient 
in the supine position. The standard limb 
leads and CFj were used. Records were 
carefully standardized so that 1 mv. caused 
a deflection of 10 mm. ''I'i'hen actual meas- 
urement revealed this distance to be less than 
9 or more than 11 mm. the record was 
excluded from this study. In this paper 
electrocardiographic changes will be de- 
scribed in the accepted terms for various 
electrical components and time intervals as 
advocated in "Nomenclature and Criteria 
for Diagnosis of Diseases of the Heart.”' 

Results. The Heart Rate. No changes 
were obser\'ed in tlie heart rates of pa- 
tients during antimony therapy. The 
mean heart rate in the 100 control records 
was 7S.2 per minute as compared tn 78.7 
per minute during treatment. 


E AWl'XaKrW y on the ELEOT'KtnJAmUdUKAll 

E Waves. Many of our patients showed 
the commonly seen variations in ampli- 
tude and contour of P 3 , usually with the 
respiratory cycle. These changes, being 
within normal limits, 'were disregarded. 
However, in 11 % of the patients a definite 
increase in the amplitude of P waves in 
Leads 2 and 3 occurred during antimony 
therapy. In addition, the contour of Pj 
and P 3 was altered from smooth rounded 
curves to tall, sharp, peaked waves. In 
some cases the increase in amplitude in 
Lead 3 resulted in an inverted or diphasic 
P wave becoming tall, upright and peaked. 
No change wms noted in the actual dura- • 
tion in time of the P deflection. Record.^ 
illustrating these changes are shown in 
Figures 1, 2 and 3. 

Of the 11 cases showing these P-w'a\c 
changes, 9 show’ed alteration of both P» 
and P3, while in the remaining patients 
Lead 2 alone was involved. No signifi- 
cant changes W'ere noted in P waves in 
Leads 1 and 4. Generally speaking, 
records showing the most marked altera- 
tions in P waves also showed considerable 
change in T waves which will be described 
later. However, numerous records show- 
ing pronounced effect of antimony on 
T waves showed no change in P wave,*- 
from control levels. 

The duration of this abnormality is 
difficult to determine in this study because 
of an insufficient number of records taken 
after completion of therapy. However, 
records on 1 patient show the P waves 
to be still altered 15 days after therapy 
and to have returned to control levels 
40 days after treatment. In other case? 
showing P-w'a%'e changes during antimony 
treatment, records taken 40, 50 and 60 
days after tlierapy revealed P waves 
identical with those in control records. 

In still another patient P 2 and Ps had 
shown little tendency to return to control 
levels 50 days after the last injection. 
From these rather spotty observations no 
definite conclusions as to duration of P- 
wave changes after cessation of thcrapj 
can be drawn. However, it is apparent 
th.at in .some patients these change? ma> 
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persist for as long as 2 months after both before and during antimony therapy, 
completion of therapy with antimony. No changes in electrical axis were noted. 

PR Interval. No change in PR interval ST Segment. In 7 % of our patients it 
was found during antimony therapy. The was noted that slight elevation or depres- 
mean PR interval before therapy was sion of the ST segments, not previousl\' 
0.148 second as compared to 0.1492 second observed in the control records, occurred 
during treatment. during antimony tlierapy. In all cases 

QRS Complex. The antimony therapy these changes were very slight in degree, 
caused no change in contoiu’ or amplitude approximating 1 inm., and followed no 
of QRS complexes. In all cases the dura- specific pattern as to which leads were 
tion of QRS wa.s within normal limits involved. STi and STo were elevated on 



Fiq. 1. — Elcctroctirdiofrraphic clinnsos durinc ndmini.stration of tartar emetic. "Control” record 
before treatment. “DurinR Treatment” record taken on the 32nd day of therapy 24 hours after 
injection of 20 cc. of 0.5% solution. Total dose prior to this record was 290 cc. of 0.5% solution tartar 
emetic = 1.45 Km. = 0.522 gm. antimony. Note increa.«c in heicht in P: and Pj and inversion of all 
T waves. QT inteiwal proloiiKod. Record taken .50 day.', after enmpletion of treatment showed fii=- 
appearanre of abnormalities noted durinK treatment. 
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2 records, depressed in none; ST 3 was 
never elevated but was depressed in 
2 records; and ST 4 was elevated on 5 oc- 
casions and never depressed. 

A more common change involving the 
ST segment and occurring in 45 % of the 
patients during antimony therapy consis- 
ted of fusion of the ST segment witli theT 
wave so that the 2 were very difficult to 
separate. In man}”- normal electrocardio- 
grams it is impossible to find a definite 
point where the ST segment ends and the 
T wave begins, so that the determination 
of which records in this study showed ST- 


T wave but in many records there appears 
to be an actual change in the ST segment, 
as well, producing a single smooth curve. 

In some cases this abnormality was 
transient in nature, occurring fairly early 
in treatment and disappearing later in 
the course of antimon}”^ therapy when 
T-wave changes became more marked. 
The relative frequency of occurrence of 
ST-T fusion in different leads was as 
follows; Lead 1, 55.6%; Leads 2 and 4, 
53.4%; Lead 3, 37.8%. (These figures 
indicate percentage of the entire number 
of cases showing this abnormality.) In 



CONTROL DURING TREATMENTj 


Fig. 3. — Electrocardiographic changes during administration of tartar emetic. “Control" record 
taken prior to treatment. “During Treatment” record taken 4S hours after last injection of 
0.5% solution tartar emetic. Total dose 1.8 gm. (see le.xt for schedule of administration), qotc 
increase in height of Pj and T wave inversion in all leads. Marked prolongation of QT interval (O.o.S, 
control 0.40S). 


T fusion was by necessity on an arbitrary 
basis. In normal records the most fre- 
quently occurring contour of the ST seg- 
ment is a concavity upwards so that, as ST 
merges into an upright T wwve, a change 
in direction of the curve to an upward 
conve.vity takes place.'* In many of our 
records the ST segment was conve.v at 
its origin and merged into a somewhat 
lowered T w'ave to form a single convex 
curve which could not be separated into 
ST segment and T wave components. 
To some extent this change is the natural 
result of decreasing the amplitude of the 


some patients all leads were involved 
while in others, various combinations of 
the 4 leads showed involvement. 

T Wares. It was in this component 


of the electrocardiogram that the most 
striking changes during antimony thcrapi 
occurred. These consisted of a decrease 
in amplitude of T waves in all lead?, 
producing in a considerable number o 
patients diphasic or inverted T wa'C.?. 
Such changes were found to occur in 09 /( 
»f the patients in this study. In order 
:o classify the records as to degree o 
hange caused by antimony, the actua 
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millimeter change in T-wave amplitude 
from the control records was measured 
to the nearest 0.5 mm. in Leads 1, 2, 3 
and 4, and these were totalled for each 
patient. The range of this total change 
was from 0 to —21 mm.; 31 % of patients 
showed a total change from —0.5 to 
—5 mm., 41% from —5.5 to —10 mm., 
23% from —10.5 to —15 mm., and 4% 
from —15.5 to —21 mm. Typical T- 
wave changes are shown in Figures 1, 2 
and 3. 

Graybiel et al. in their excellent article'* 
have published percentage distribution 
curves on the amplitude of T waves in 
their 1000 young healthy aviators. Com- 
parison of these with similar percentage 
distribution curves made on 100 control 
records taken on our patients before ther- 
apy reveal good correlation. The mean 
T-wave amplitudes of their 1000 cases were 

Table 1.— 


Study in Column 2. In Column 3 are the 
mean T-wave amplitudes of the records 
of our patients showing the maximum ob- 
served effect of antimony therapy, and in 
Column 4 the percentage change. 

Figure 4 shows the frequency distribu- 
tion curves in each lead before and during 
therapy. Solid lines represent control 
records and broken lines records taken 
during therapy. In each case the records 
chosen during therapy were those showing 
the maximum observed change but do 
not necessarily indicate the maximum 
change which occurred, since, as stated 
previously, the greatest antimony effect 
was frequently missed because of improper 
timing of the electrocardiogram during 
the course of treatment. Decreases in 
amplitude of the T waves are shown by 
a shift of the broken line curve to the 
left, i. c., to the lower position on the 


Comparison or Mean T-wave Amplitude in 1000 Normal Subjects and 
100 Patients Before and During Antimony Therapy 

100 pnOcnts 


1000 normal 
subjects (4) 

Before 

nntimony 

DurinR 

Decrease 

(%) 

+2.55 mm. 

+2 26 mm. 

+ 0 SS mm. 

59.4 

+3 32 mm. 

+3 17 mm. 

+0 80 mm. 

74 8 

+ 1 33 mm. 

+ 1 03 mm. 

+ 0 04 mm. 

103 9 

+ 1 33 mm. 

+4 93 mm. 

+2 30 mm. 

52 2 


Lead 1 
Load 2 
Load 3 
Load 4 


Lead 1 +2.55 mm.. Lead 2 +3.32 mm. 
and Lead 3 +1.33 mm., as compared 
with our mean amplitudes of +2.2G mm. 
in Lead 1, +3.17 mm. in Lead 2 and 
+1.03 mm. in Lead 3. This favorable 
comparison indicates that the patients in 
this study comprise a fairly representative 
group of normals and establishes the fact 
that infection of these patients ivith 
schistosomiasis has, in itself, no effect on 
their electrocardiograms. Further, the 
fact that the mean amplitude of the 
T waves in our control records is within 
the range of normal indicates that anti- 
mony treatment which all patients had 
recoivetl from 1 to 3 months previously 
Irad no lasting effect on the T wave. 

Table 1 shows a comparison of the mean 
amplitude of T wavt's of the ItXX) ea.^es 
analyriNl by Gniybiel if nl. in Column 1 
and of the 100 control nx'ord*; in this 


scale, thus forming a definitely abnormal 
frequency distribution curve for records 
during therapy. 

Changes in T-wave contour other than 
fiattening of the peaks occurred in 24% 
of the cases in this study. These changes 
consisted of notching of the T waves and 
occurred most frequently in Lead 4, oc- 
casionally in Leads 1 and 2 and rarely in 
l.A'ad 3. Observation of the development 
and progression of tliis abnormality in 
serial records taken on the same patient 
during treatment affords an interesting 
clue as to the method of T-wave inversion 
in lA\nd 4 due to antimony. It was fre- 
quently observed in this lead that initially 
a notch appeared late in the T defleelion, 
which ill subswpicnt reconls bt'came 
tlt'cper. eventually descending below the 
iso-ehx'tric line to produce a + diphasic 
r,. and finally with the complete dLap- 
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pearance of positive deflection to form a 
deeply inverted T4. This apparent se- 
quence of changes was never observed in 
the limb leads, even though some records 
showed deeply inverted T waves in ai! 
leads. 


electrocardiographc changes persisted, a 
total of 109 records taken from 1 to 
86 days after treatment were analyzed. 
From this analysis it was found that there 
existed such a wide variation in the per- 
sistence of changes that no definite con- 


qf hciq^^th or t vavis 



UEAO 15 t£*0 H 



milumeters heighth of t waves 

Fig. 4. — Frequency distribution in height of T waves in electrocardiograms taken before and during 
treatment with antimony in 100 patients. Note shift of treatment cur-ce to left indicating ffcquenc} 
of decrease in amplitude or inversion of T waves in all leads during the administration of antimony 
(For discussion see test.) 

Note. — One patient had a control record with an inverted T4. He had completed 40 cc. of fuadin 
tiO days prior to the taking of this record. His electrocardiogram was otherwise within normal limit'' 


On a few patients, frequent electrocar- 
diograms were taken before, during and 
after injections in various periods during 
therapy. From these studies it was ap- 
parent that T-wave changes occurred grad- 
ually and progressively throughout the 
course of therapy. The earliest changes 
appeared after the first, second or third 
injection, and reached the maximum at 
or near the end of treatment. There was 
no tendency towards fluctuation from day 
to day nor was any regression towards 
normal obser%'ed during the 48 hour period 
between injections. 

In attempting to determine how long 
after cessation of antimony therapy the 


elusions could be drawn. Thirteen record? 
were taken on different patients from 3< 
to 49 days after therapy and of these C> 
had T waves equal in height to control 
levels, an additional 4 showed less than 
30 % of the original maximum change j>fin 
remaining, while in 3 records 50 to 7oT< 
of the total observed change still per* 
sisted. Between 52 and 67 day.? ah'’'' 
therapy complete return to normal na- 
observed in 9 out of 15 records. 1^”'' 
25% of the total change still persisteif m 
4 records, and in the remaining 2 record'- 
50 and 56% of the original total T-wave 
change was still present. In appro-vi- 
mately 10% of these post-tre.Ttm^n< 
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records the T waves returned to levels 
exceeding those of the control record. 
This curious change was noted in electro- 
cardiograms taken on different patients 
from 18 to 78 days after cessation of treat- 
ment. No correlation was found between 
persistence of T-wave changes and the 
type or dosage of antimony treatment 
given. No attempt will be made to ex- 
plain these results, other than to say that 
the major factor is apparently an indi- 
vidual variation about which we know 
little. 


devised to correct for this variation. In 
this study “ corrected Q-T” was calculated 
by the formula Q-T = K\/RR as advf)- 
cated by Cheer and Dieuaide- in 1931 . 
The mean “corrected Q-T” of all control 
records was 0.396 as compared with a 
mean of 0.422 for those records showing 
maximum antimony effect. 

In addition, Q-T was plotted graphi- 
cally against the cycle length, RR, as 
shown in Figure .5. In this graph the 
parallel lines representing the range of 
normal are those used by FeiP in bis 


Tabt-e 2. — Comparibon of Changes in Amplitude or T Waves During Treatment With 
Various Amounts of Fuadin and Tartar Emetic 


Total changp 

T.E. 1.45 gm 

T.E. 1.8 gm. 

Fuadin 70 cc 

J'uadin 100 ci 

(mm.) 

(41 patients) 

(21 patients) 

(31 patients) 

(7 pntient«i) 

0 to — 5 

24 4%* 

19 0% 

42 0% 

71 4% 

— 5 6 to — 10 

51 2 % 

.38 1% 

.35 5% 

14 

-10 5 to -15 

17 0% 

.38 1 % 

22 5 % 

14 3<^c 

-15 5 to -21 

7 4% 

4 8% 

0 

0 

Mean total change 

— 8 4 mm. 

— 88 mm. 

— 09 min 

- 4 0 nmi 


♦ % in nil instances represents % of total patients treated in each schedule. 


Early in the course of tliis study, certain 
impressions were reached concerning the 
comparative effects of tartar emetic and 
fuadin on the electrocardiogram. Table 2 
shows a classification of patients on differ- 
ent treatment schedules with regard to 
degree of total change produced by this 
treatment on the T waves in all leads. 
It must be remembered tliat these data 
are limited by the fact that the maximum 
change was not recorded in every case. 
In spite of tliis limitation it is obvious 
diat tartar emetic has a greater effect 
on the electrocardiogram than doCs fuadin 
and that in the case of the former the 
larger the total as well as the daily dosage 
the greater the T-wave change. The dis- 
proportion between electrocardiographic 
oflcct and dosage of fuadin is due to (a) 
the limitation mentioned above and (/i) to 
the fact that in this study adequate 
records were available in only 7 patientN 
trt'ati'il with KXf ec. of fuadin. 

Ei.kctkic.u, Systota:. Variation of the 
Q-T interval with changes in heart rate 
has long been n‘<'ognirixl by many investi- 
gator<. and ^overal f<irnnila> lunv biN’n 


paper on electrocardiograms and cardiac 
systole in pellagra. Control values are 
represented by solid circles and values 
during antimony therapy by open circles. 
Abnormally prolonged Q-T intervals oc- 
curred in 7 % of the control records as 
compared with 27 % of the records taken 
during treatment. Further analysis of the 
records showing prolongation of the Q-T 
interval reveals them to be proportion- 
ately distributed in relation to the treat- 
ment schedule used. This changt is ap- 
parently caused with equal fre<;]uency b\ 
either fuadin or tartar emetic, and no sig- 
nificant difference was found between the 
different dosage schedules used in tin.'- 
study. In most cases, records with pro- 
longed Q-T intervals also showetl pro- 
nounced T-wave changes, although man\ 
patients with markeilly lowered T wavc•^ 
had normal Q-T intervals. The mechan- 
ism of this incrciise in the duration of 
electrical systole is unknown. 

Pkntavai.knt .\xtimonv. On a fev 
patients with leishmaniasis and filariasis, 
complete electrocardiogniphic studies werc‘ 
made durinc tre.afment with p-ntnvnient 
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antimony compounds. Drugs used were 
neostibosan and stibanose. Patients on 
this class of antimony compounds showed 
similar changes to those seen with tri- 
valent antimony, but to a much less 
marked degree. Indeed, some patients 
showed no changes whatsoever in electro- 
cardiograms taken during treatment. 


changes, but in 2 others showing equally 
marked T-wave changes, there was no 
slowing of the pulse. In only 2 instances 
did the heart rate of our patients fall 
below 60 beats per minute during treat- 
ment, 1 having a rate of 59 on the lost 
day of therapy and the other a rate of 51 
4 days after completion of therapy. In 


0-T INTERVAL 



Discussion. In this study the absence 
in the heart rate during antimony therapy 
is contrary to the findings of numerous 
other ini’estigators, who frequently de- 
scribe a pronounced bradycardia. jMain- 
zer and Krause® found a decrease in the 
heart rate in some of those cases_ showing 
the most marked electrocardiographic 


many eases showing marked changes m 

other phases of the electrocardiogram 

there was actually an increase in 1 
heart rate. In 2 patients, records taken 
before, during and after the actual injec- 
tion of tartar emetic showed a sag' 
increase in heart rate. . 

In our study, no attempts were 
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to ascertain the underlying causes of 
these electrocardiographic changes. No 
lesions are found in the myocardium of 
dogs who die during the administration 
of large amounts of antimonyd The 
transient nature of the electrocardio- 
graphic changes with complete return to 
normal after varying periods is certainly 
presumptive evidence against the existence 
of aetual myocardial damage. The fact 
that under close observation none of our 
patients developed any clinical signs or 
symptoms referable to the heart despite 
unlimited physical activity, except for 
30 minutes bed-rest immediately following 
eaeh injection, is additional evidence in 
this direction. 

Mainzer and Eh'ause® discuss vagus 
stimulation as a possible explanation for 
antimony effect on the electrocardiogram 
principally because of bradycardia. How- 
ever, those authors are not impressed by 
this explanation. The absence of signifi- 
cant change in the heart rate as found 
in this study also raises a valid objection 
to the autonomic theory, since it is well 
known that the rate is very sensitive to 
changes in autonomic balance. In addi- 
tion, the persistence of electrocardio- 
graphic changes for as long as GO days 
after the cessation of treatment and the 
absence of other signs of antimony effect 
upon the nervous system, both, east con- 
siflerable doubt upon an autonomic ctiol- 
ogy. 

Winkler rf al.^ have studied the effect 
of increased potassium ion concentration 
upon the eleetroeardiograni in dogs. They 
consistently found an increase in T-wavc 
amplitude and lowering anil eventual dis- 
a])pearance of P waves, as the scrum 
liotassinm concentrations rose. Since 
these changes are just the opjmsite from 
those observed in this study, it seems 
logical to eonelude that the ]>oiassinm 
ion present in tartar emetic is not an 


etiologic factor in the electrocardiographic 
changes described in this paper. 

. Since the underlying mechanism pro- 
ducing these changes "is at present un- 
known, their significance cannot defi- 
nitely be established. Hoivever, it is our 
opinion that this is a relatively harmless 
side action of antimony, transient in nature, 
and of no great import as to impairment 
of cardiac function or as to prognosis of 
the patient. Witli tire expected increase 
in use of antimony compounds in the next 
few years, it is of the utmost importance 
that these changes be recognized and their 
significance known, so that mistaken 
diagnoses of cardiac disease be avoided. 

Summary and Conclusions. 1. An anal- 
3 ’^sis was made of 315 electrocardiograms 
taken on 100 patients during various 
stages of treatment with tartar emetic 
and fuadin for schistosomiasis infection. 

2. An increased amplitude of P waves 
in Leads 2 and 3 was found in 11 % of the 
patients. 

3. A fusion of ST segment and T waves 
was found in 45% of the patients. 

4. Var^’ing degrees of decrease in ampli- 
tude of T waves in all leads, resulting in 
deep inversion in manj’ cases, were found 
in 99 % of tlie patients. This change was 
more pronounced during tartar emetic 
treatment than during fuadin treatment. 

5. TJie Q-T interval was prolonged 
be.vond the limits of normal in 27 % of the 
patients in this stud.v. 

0. The duration of these changes is 
variable, and has been noted up to 
2 months after cessation of treatment. 

7. The etiolog.v and significance of 
these clianges are unknown. It is our 
opinion that the\' represent a transient 
side action of antimony not indicative of 
cardiac damage or serious impairment of 
cardiac function. 

S. IIt“cent antimony tlierapt' must be 
considered in evaluating abnornud electro- 
cardiograms found in veterans and otlicrs. 
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SPECIAL REFERENCE TO PULMONARY VEIN THROMBOSIS 
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John B. Moses, M.D. 
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Recent reports on the use of such anti- 
coagulants as dicumarol and heparin in 
the various thrombotic and embolic states 
and the recent advances in the diagnosis, 
localization and treatment of phlebo- 
thrombosis in the lower extremities have 
awakened tremendous interest in^the en- 
tire subject of thrombosis and embolism. 
For this reason a survey was undertaken 
based on the postmortem material ob- 
served at Bellevue Hospital. The pur- 
pose is to present the incidence of pul- 
monary emboli, thrombi and infarcts, 
their most frequent sources, the usual 
underlying disease entities that are pres- 
ent and the nature and evolution of the 
infarcts themselves.^ Such related ques- 
tions as pulmonary venous thrombosis as 
a source of both bland and septic infarcts 
and the incidence of pulmonary systemic 
emboli in myocardial infarction were also 
studied. 

In a scries of 1000 consecutive post- 
mortem examinations on patients over 
the age of 20, excluding cases of subacute 
and acute liactcrial endocarditis and 
deaths due to trauma, 109 (10.9%) were 
found to have pulmonary thrombi or 
emboli. Of these 109 cases, S4 (S.4% of 
total amo\mt) had infarcts of the lung 
(Table 1). Tins latter figure is in agree- 
ment with the incidence generally report- 
ed. Tl»e majority of these patients were 
over the age of .W with the i)cak incidence 
at the age of 00. There were no significant 
sex dilTerenci's. It should be mentioned 
that very few sjirgical cases (posto]>era- 
tivcl are represented in tliis series. 

Two hundred ixm^eeutive neerojisied 
eases in which pulmonary emboli wen* 
found (some not in origitial series^ were 


analyzed to determine the source of these 
emboli. Of these, 61 had thrombosis in 
the systemic veins, mainly the femoral 
and saphenous. Other venous sites were 
pelvic, lumbar, axillary, jugular and in- 
ferior vena cava. Mural thrombi in the 
right side of the heart tvere revealed in 
55 cases (48 in the right auricle, 7 in the 
right ventricle). In the remaining 84 
cases the site of the thrombosis was unde- 
termined but was most likely located in 
the deep veins of the lower extremities, 
since none was found in the heart and 
permission was not granted for adequate 
dissection of the leg veins. It is also pos- 
sible that in some of these undetermined 
cases, the vascular obstruction resulted 
from thrombi within the pulmonary arter- 
ial tree rather than from emboli. This 
may have . been so especially in those 
cases with rheumatic heart disease. If 
these latter 84 cases are considered to- 
gether with the known 64 cases containing 
systemic venous thrombi, there results a 
combined total of 148 cases in which the 
.‘source for the emboli was extracardiac as 
compared to 55 cases in which the source 
of the emboli probably originated from 
within the heart (Table 2). 

In a study undertaken by Hunter cf a}} 
in which the leg veins were dissected in 
3.50 consecutive necropsies, it was revealed 
that 52.7 % had thrombi in the leg veins. 
In this scries there wore no significant 
sex difTerences; the average age was 
59.78 us compared in 64.9 in those cases 
that did not have thrombi. This is an 
insignificant diflerence. In those c.-!.-es 
lum'ng leg vein thrombi. 51 had pulmon- 
ary cml)oli; of these latter cases death 
was apparently due to pulmonary cml>oli 
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in 11 instances. The high frequency of 
thrombosis of the veins of the lower ex- 
tremities is not generally recognized, par- 
ticularly in view of the fact that in the 
great majority of the cases the first clini- 
cal evidence of their presence are mani- 
festations of an embolus in the lungs. 
Hunter’s'* figures are all the more signifi- 
cant because they are minimum figures, 
for in many of their cases it was impos- 
sible for them to perform as adequate a 
dissection of the lower extremities as they 
desired. 


of systemic emboli in 48.7 % cases. The 
incidence of embolic manifestations in 
these cases was about 3 times as great 
as in those cases in which mural thrombi 
were not present in the heart. One hun- 
dred consecutive necropsies (Belle\me Hos- 
pital series) of cases with pulmonary in- 
farcts were compared with a series of 
50 necropsied cases in which pulmonary 
emboli were present without infarcts 
(Tables 3 and 4). In the 100 cases with 
pulmonary infarcts it was found that 
82 had heart disease, in 16 no heart disease 


Table 1. — Incidexce of Pulmonary Arterl\l Emboli and Inf.\rct3 


Number of cases . . . 1000 

Number of infarcts S4 ( S.4%) 

Number with emboli without infarcts . . • . . . 25 ( 2 5%) 

Total 109 (10 9%) 


Table 2. — Source of Emboli in Pulmonary Arterul Embolization and Infarction 


Number of cases 200 

Systemic veins 61 

Heart— Right auricle 4S 

Right ventricle 7 

Undetermined S4 


Thrombi in the axillary veins are an 
infrequent source of emboli in the lung. 
According to the review by Veal,*® in 
1935, only 150 cases of axillary vein 
thrombosis had been reported. during the 
preceding 50 years. However, in recent 
years many additional reports have ap- 
peared. Veal*® classifies thrombosis of the 
axillary veins under 2 groupings — pri- 
mary, caused by trauma or bacterial in- 
fection, and secondary, usually due to 
malignant tumors of the chest region. 
Although axillary vein thrombosis is 
present it is an uncommon source of 
pulmonary emboli. 

The frequency of intcrcardiac mural 
thrombi, especially in cardiac patients, as 
a source of both pulmonarj' and systemic 
emboli was well illustrated in a report by 
Garbin.* In a study of 771 consecutive 
necropsies on patients with heart disease, 
IGl had mural thrombi in the chambers 
of the right side of the heart. Of these, 
.57.8^ were a='Ociatefl ■with pulmonary 
infarcts; 193 ca'es had thrombi in the 
left side of the heart, that were the source 


was present, the patients having died of 
a variety of diseases„such as carcinoma, 
tuberculosis, etc. However, the situation 
was quite the reverse in those cases having 
pulmonary emboli without infarction of 
the lung. In 50 such cases, .34 had no 
evidence of heart disease. This merely 
confirms the well-known fact that the 
combination of chronic passive congestion 
and obstruction of the pulmonary arteries 
is usually necessary before infarction will 
take place. However, this is not always 
necessary, as we have seen pulmonary 
emboli produce infarcts in the lungs m 
patients who do not have heart di.^ca^e 
or any evidence of circulatory failure and 
who were not confined to bed. 

Further study of the 100 ciiscs witii 
pulmonary infarcts with reference to the 
existing disease revealed that arterio.'clcr- 
otic heart disc.ase with or without hyper- 
tension wjus present in .34 cases. In the^e 
34 cases, the source of the emboli was in 
the right auricle 10 times, the leg vein- 
10 times, and 'undetermined 14 timt'^. 
21 casc.s had artcrio-clerotie heart di-e.i''^' 
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wath either recent or old myocardial in- 
farcts; of these the source of emboli in 
the lungs was the right ventricle in 
3 instances, right auricle in 7, leg veins 
in 3, and undetermined in 8 cases. Of 
20 patients with rheumatic heart disease, 
the source of emboli was in the auricle 
11 times, leg veins once, and undeter- 
mined in 8 cases. Syphilitic heart disease 
with valyular involvement was present 
5 times; periarteritis nodosa was present 
once; 18 patients did not have any cardiac 
disease (Table 5). 


that serosanguineous. pleural fluid was 
present in 13 of 100 instances of pulmon- 
ary infarction. Serous fluid was present 
34 times and no fluid at all in the re- 
mainder. When the pleural fluid could 
be vnth certainty attributed to the 
inflammation of the pleura resulting from 
the infarct, it was invariably found to be 
blood-tinged. In all of these instances 
the fluid was usually scant in amount 
and rarely exceeded several hundred cubic 
centimeters. In each instance when ser- 
ous fluid was present, some degree of 


Table 3.— Underlying Disease in 100 Cases of Pulmonary Arterial Emboli 

With Infarcts 


Arteriosclerotic and hypertensive heart disease 34 

Arteriosclerotic and hypertensive heart disease with myocardial infarcts ... 21 

Rheumatic heart disease 20 

Syphilitic heart disease 5 

Periarteritis nodosa 1 

Non-cardiac disease . 18 


Table 4.— Underlying Disease in 50 Cases of Pulmonary Arterial Emboli 

Without Infarction 


Non-cardiac disease S4 

Cardiac disease 16 


Table 5.— Source of Pulmonary Arterial E.mboli in Various Cardiac Conditions 


Type, 

Auricle, 

A'entriclc. 

Systemic 

veins. 

Unde- 

termined 

Arteriosclerotic and hypertensive heart disease . 

. . 10 

0 

10 

14 

Arteriosclerotic and hypertensive heart disease 
myocardial infarct 

with 
. . 7 

3 

3 

8 

Rheumatic lieart disease 

. . 11 

0 

1 

8 


It may be noted that thrombi in sys- 
temic veins as a source of pulmonary 
emboli are more frequent in arterioscler- 
otic heart disease than in rheumatic heart 
disease. This may be accounted for par- 
tially by the fact that arteriosclerotic 
heart disease occurs in the older age group 
and also that in some instances pulmonary 
infarcts and rheumatic heart disease may 
result from local pulmonary thrombosis 
rather than embolization. 

The question' of the clinical diagnosis 
of pulmonary infarcts at times presents 
great difliculties. For this reason the 
location, frequency and the fate of the 
infarcts, as well as the character of the 
pleural fluid associated with them was 
studied to determine whether these ana- 
tomic findings may be of aid in the clini- 
e.nl ditTerontial diagnosis. It was found 


heart failure, edema and very often ascites 
existed. Therefore, the presence of this 
serous fluid could not be directly attrib- 
uted to the effect of the pulmonary infarct 
on the pleura. As to the location of the 
pulmonary infarcts, it was found that 
they occur twice as frequently in the 
lower lobes as in the upper lobes. It was 
also noted that multiple infarcts are twice 
as frequent as a single infarct. There 
Avere no significant sex differences. 

The fate of a pulmonary infarct Avas 
carefully studied by Castleman.- He 
combined roentgenographic studies AAu'th 
anatomic obserA'ations and found that 
infarcts gradually become replaced by 
fibrous tissue and shrink doAra to such an 
extent that they end as a fine, almost 
unobserA-able, fibrous scar. Very fcAv of 
the pulmonary infarcts undergo liquefac- 
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tion necrosis. In .our experience ■n-hen 
this does occur, it is because they have 
resulted from an infected embolus or else 
have become secondarily infected. This 
is not a frequent occurrence. In the 100 
consecutive cases in this series in vhich 
the actual number of infarcts numbered 
many more than 100, only 5 instances of 
liquefaction necrosis were noted. In 1 of 
these cases the source of the embolus was 
a thrombophlebitis of the femoral vein 
rather than the usual phlebothrombosis. 
In the other 4, the infarct occurred in a 


cardial infarction. For a complete refer- 
ence to the incidence of thrombotic and 
embolic phenomena in myocardial infarc- 
tion, the reader is referred to the article 
mentioned above. These authors attrib- 
uted the high incidence of embolic and 
thrombotic episodes present in cases of 
myocardial infarction to an increase of 
the clotting tendency of the blood based 
upon and associated ■\^dth an accelerated 
plasma prothrombin clotting time. 

Of the 100 cases of myocardial infarc- 
tion, 4S had healed infarcts, while in 52 


T.ilBLE 6. — IXCIDEXCE OF InTRAC.^RDUIC VENTHXCTJLA.R ThROMBI IN' 100 CaSES OF 
* Myocardiae Infarction 

Total cases of mj'ocardial infarction; 100 Total eases of mural thrombi: 4S 

Recent infarcts 52 3S 

Healed infarcts 48 10 

Anterior wall infarcts ... 79 43 

Posterior wall infarcts ... 21 5 

Location of mural thrombi: 

Left ventricle 38 

Right A-entricle 3 

Both ventricles 7 

Total 48 


Table 7.— Incidence of .4.uricuear Thrombi in Myocardial Infarction 


Total cases . 
Right auricle 
Left auricle . 
Both auricles 


100 

12 

7 

o 


Total 


21 


Table S. — Incidence of Emboli in Myocardial Infarction 


Total cases 100 

Pulmonarj' emboli 30 

Recent infarct 23 

Healed infarct 13 

Sy.stemic emboli 25 


previously infected lung. It may be 
mentioned that many of the cases report- 
ed in tlie literature as isolated septic 
infarcts and, in particular, those asso- 
ciated with infections of the mouth and 
pharynx, may have been more properly 
classified as aspiration pneumonias, if 
adequate anatomic studies had been per- 
formed. However, several good examples 
of septic infarcts of the lungs have recently 
been reyx'rted by Hussey and Katz.^ 

In view of the recent report by Peters 
i l r.I.,'' of the use of dicumarol in acute 
coronarj' throinliosis. we have reviewed 
100 consecutive nccropsied c.'L=es of myo- 


infarcts were recent and unhealed. Some 
of the cases of recent infarction revealed 
slight areas of healed infarction. Of the 
48 cases with healed infarcts, only 10 had 
mural thrombi in ventricles, while in 52 
cases with recent infarcts 38 had ventricu- 
lar thrombi. In other words the more 
recent the infarct, the greater the inci- 
dence of mural thrombi and hence, 
embolic phenomena; and as a corollarj', 
the older the infarct, the lower the inci- 
dence of mural thrombi. Of the 48 cases 
with mural thrombi, the thrombus w.as 
located in the left ventricle in 38 instances, 
3 in the right ventricle and in 7 thrombi 
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were found in both ventricles. Of these 
100 cases, 21 had infarcts of the posterior 
wall and in 5 of these they were mural 
thrombi. Ventricular mural thrombi were 
found in 43 cases of anterior ventricular 
wall infarctions. The incidence of mural 
thrombi with anterior wall infarction is, 
therefore, much 'greater than in those 
cases with posterior wmll infarcts (Table 6). 
In 21 of the 100 cases of myocardial 
infarction, thrombi were present as well 
in the auricles (right, 12; left, 7 ; both, 2) 
and many times were associated with 
ventricular thrombi (Table 7). 

Emboli were found in the lungs in 36 
of the 100 cases (Table 8). 

The source of these emboli was a 
thrombus in the right auricle 14 times, 
the right ventricle 10 times, the leg veins 
10 times and 2 undetermined. In 25 in- 
stances there were emboli from a throm- 
bus in the left side of the heart, in the 
spleen, kidney, intestine or lower extremi- 
ties. Frequently systemic and pulmonary 
arterial emboli were found in the same 
case. Emboli in the legs were present 
twice as frequently in those cases with 
recent myocardial infarction as in those 
with old infarction, probably indicating 
that these emboli contributed consider- 
ably to the death of the individual. 

It was also observed in a routine study 
of cases having infarcts in organs other 
than the heart or lungs that at times one 
of the organs supplied by the systemic 
arterial circuit would reveal an infarct 
without any obvious source for an em- 
bolus, either in the heart, aorta or artery 
leading directly to the organ and tlie 
infarcted area. The only other probable 
source could therefore be from a thrombus 
>n one of the pulmonary veins. With this 
in mind the pulmonary veins were care- 
billy dissected in such cases. Within a 
short period, 15 cases were encountered 
ha^'ing infarcts of the spleen, kidney or 
111 both of these organs in which the source 
the emboli was a thrombus in a pul- 
luonary A^ein. Of these 15, 12 had exten- 
sive pulmonary tuberculosis, 1 had bron- 
chiectasis, 1 had bronchogenic carcinoma 
and 1 had a pulmonary infarct. 


Tuberculosis as a cause of pulmonary 
phlebitis is well knoAvn. That it occurs 
to such an extent that it results in a 
thrombus giving rise to systemic emboli, 
has infrequently been reported. Such an 
instance has been reported by Neel and 
Herrmann.^ In their ease tuberculous 
pulmonary thrombophlebitis Avas asso- 
ciated Avith tuberculous peripheral arter- 
itis. The arteritis in this case resulted 
from emboli originating from A^eins in the 
lungs. Medlar® reported a case of coron- 
ary embolization from a tuberculous focus 
in a pulmonary Amin. In this instance 
emboli contained tubercle bacilli and the 
resultant infarcts \Amre infected with these 
organisms. HoAvever, in the instances 
recorded in this report, the thrombi were 
not infected and resulted in simple infarcts. 
The usual anatomic explanation is that 
tuberculosis in the parenchyma of the 
lungs involves the intima of the A'ein 
AAUth the superimposition of the thrombus. 
It is interesting to note that the sites of 
pulmonary venous thrombosis Avere usu- 
all}'- aAvay from the areas of most extensiA'e 
tuberculous damage. Other causes of 
pulmonary Amnous thrombosis haA'c been 
listed by Brenneri as pneumonia, primary 
pulmonary Amin sclerosis and pneumo- 
coniosis. He does not mention pulmonary 
infarction as a cause of pulmonary Amnous 
thrombosis. In the 1 case of pulmonary 
infarction presented in this report, it Avas 
noted that the partially organized thrombi 
AAmre present in the Amins immediately 
surrounding the organizing pulmonary in- 
farct. In this same case there AAmre sys- 
temic arterial emboli and splenic and 
renal infarcts. Careful search rcAmaled 
that the pulmonary Amins could haAm been 
the only possible source for the emboli. 
This mechanism may account for some 
of those cases in AA’hich the embolization 
is considered clinically to be paradoxical. 
In the aboAm-sited case an embolus from 
the femoral Amin produced an infarct in 
the lung AA’hich in turn resulted in throm- 
bus formation in an adjacent Amin. This 
latter thrombus Avas in turn the source 
of emboli that AAmre carried into a systemic 
arterial circuit. The usual e.xplanation 
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given for those circumstances (paradoxi- 
cal embolus), whereby emboli are said to 
pass through a patent foramen ovale 
under normal conditions, is not physio- 
logically sound. The normal pressure in 
the left auricle is greater than that of the 
right; consequently’^ an embolus would 
not pass from the right to the left auricle. 
However, under unusual circumstances 
the presence of a patent foramen ovale 
might account for a so-called paradoxical 
embolus. Such instances of paradoxical em- 
bolus can occur when a patient has first had 
preceding emboli in the pulmonary arteries 
resulting in pulmonary hypertension. The 
pressure in the right auricle has, therefore, 
become increased and any subsequent em- 
bolus would then be able to pass through 
a patent foramen ovale from the right 
auricle to the left auricle and give rise to 
systemic embolization. 

Pulmonary venous thrombi are not as 
frequent as those in the systemic veins 
because the lung is in constant motion, 
it is protected from trauma by the bony 
chest cage and the veins are on the same 
general level with the heart, therefore, 
not necessitating the support of a long 
column of blood. Nevertheless, if more 
careful search were routinely made, un- 
doubtedly more examples of pulmonary 
venous thrombi would be found. 

Although not concerned with the main 
subject of this report, it was noted that 
in over 5000 postmortem examinations, 
pulmonary thrombophlebitis as a source 
for systemic emboli occurred in only 1 in- 
stance. In a review of tlie recent litera- 


ture, we were only able to find reference 
to 1 similar case (Melbourne®). A pul- 
monary thrombophlebitis in the case noted 
in our series was secondary to a large lung 
abscess. Many infected systemic emboli 
were present. It is not obvious why the 
lung that is so frequently the site of pyo- 
genic infections should infrequently be 
the source of infected emboli. 

Conclusions. The general incidence of 
pulmonary emboli or thrombi in a series 
of 1000 consecutive necropsies (not inclu- 
sive of bacterial endocarditis and trau- 
matic cases) was 10.9%. 

The source of emboli in the lung is ap- 
proximately twice as frequent from the 
systemic veins as from thrombi mthin the 
heart. 

Pulmonary emboli in patients without 
heart disease frequently do not cause pul- 
monary infarcts. 

In 100 consecutive necropsied cases of 
myocardial infarction, pulmonary emboli 
were noted 36 times and systemic arterial 
emboli 25 times. The incidence of pul- 
monar}’ emboli is much greater in associa- 
tion with recent myocardial infarcts than 
with healed infarcts. The pulmonary 
emboli very often contributed to the death 
of the individual. 

Pulmonary venous thrombi as a source 
of systemic arterial emboli occur more 
frequently than is generally recognized. 
Pulmonary tuberculosis was the disease 
most often associated with pulmonary 
venous thrombi. 

Infected emboli resulting from pulmon- 
ary- thrombophlebitis are exceedingly rare. 
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RHEUMATOID ARTHRITIS 

I, INTRODUCTION TO A STUDY OF ITS PATHOGENESIS* 

By Allan D. Wallis, M.D. 

KESBAKCH FELLOW IN ARTHRITIS 
PHILADELPHIA, PENNSYLVANIA 

(From the Departments of Orthopaedic Surgery and Physical Medicine, University of Pennsylvania) 


The medical imagination has long been 
hypnotized by the notion that infection 
is in some way responsible for rheumatoid 
(atrophic) arthritis. This impression has 
largely been based upon confusion with 
the type of arthritis whicli is metastatic 
from a focus of infection, upon superficial 
resemblances between rheumatoid arthri- 
tis and infectious processes and upon 
certain serologic observations. 

Typical Rheumatoid Arthbitis. It 
cannot be too strongly emphasized that 
the papers which follow are applicable 
only to true rheumatoid arthritis, a disease 
state which has been described by many 
authorities as a recognizable syndrome, 
if not an entity. In order that there be 
no misconception in the mind of the reader, 
its most characteristic clinical features are 
recapitulated as follows: a gradual onset 
between the ages of 20 and 40; a predilec- 
tion for thin females living in a temperate 
climate; a fairly symmetrical involvement 
of the extremities, particularly knees, 
wrists and proximal interphalangeal joints 
of fingers by an indolent, painful, tender, 
somewhat doughy, fusiform sAvelling with 
more of local heat than redness; and the 
gradual development of deforming con- 
tractures through a series of remissions 
and exacerbations until tlie advent of bony 
or fibrous ankylosis brings the pain to a 
close. It should be axiomatic that (hyper- 
trophic) osteoartliritis deviates from this 
clinical pattern in so many respects (to 
say nothing of roentgenographic and gross 
pathologic differences) that its status as 
a separate disease is clear. Other types 
of arthritis which for the sake of clarity 


will be omitted from present consideration 
include Still’s disease, the ankylosing spon- 
dylitis of Marie-Striimpell, Felty’s syn- 
drome, “menopausal” arthritis, “psori- 
atic” arthritis, and arthritis secondary to 
a focus of infection. 

In selecting cases of rheumatoid arthritis 
for serologic study we have used the fol- 
lowing criteria: disease duration of at 
least a year and a fairly symmetrical in- 
volvement of proximal interphalangeal 
joints of fingers. The “activity” of the 
disease process was disregarded. 

Arthritis From Focal Infection. In 
synovitis attributable to a focus of infec- 
tion, it is assumed that bacterial toxins 
and not the bacteria themselves are car- 
ried to the joint in the blood stream. 
Such metastatic toxins probably have no 
“ arthrotropic ” intentions. It is rather 
that the joints respond selectively to the 
presence of the toxins in the general circu- 
lation because, as large tissue spaces' en- 
doAved with an abundant blood and nerve 
supply, they are physiologic sounding 
boards. It is for this reason that the 
synovial reaction is a dominant feature of 
such systemic disturbances as the antigen- 
antibody interactions occurring in rheu- 
matic fever during the acute phase (c/. 
Coburn and Pauli®) or in serum disease. 
Once a synovial reaction to a substance 
arriving via the blood stream has become 
established it tends to become more in- 
tense because a local increase in capillary 
permeability permits the deposition of still 
larger amounts of the causative agent (c/. 
IMenkin''). Arthritis due to metastatic 
toxin will thus be no more symmetrical 


* The fcries of papers of which this is the first has been supported by prants from the Charlotte 
Drake Cardeza Foundation of the Jefferson Modic.nl Collepe and the National Foundation for Infantile 
Paralj-sis, Inc. 
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than are the joint lesions of rheumatic 
fever, and its only characteristic feature 
will be its response to alterations in tlie 
foci of infection. Tj^iical examples ob- 
served for a sufficient time present a clear 
distinction befm^een rheumatoid arthritis 
and arthritis which is metastatic from a 
focus of infection. The latter is restored 
toward normal when the focus subsides, 
and the former is either unaccompanied 
by demonstrable foci or uninfluenced by 
their treatment. Atj^ical cases, of course, 
are confusing and it is possible that both 
types may coexist in the same patient or 
even in the same joint. The present dis- 
cussion is concerned only with those cases 
of rheumatoid arthritis which approxi- 
mate the syndrome described above as 
" t5rpical.” 

An open-minded approach to the baf- 
fling problem of the pathogenesis of rheu- 
matoid arthritis must be unliampered by 
the traditional concept of a bacterial eti- 
ology. Although resting on insecure evi- 
dence, this concept has persisted strongly 
and has been the greatest single obstruc- 
tion to a solution of the problem. 

The Theory of Bacterial Etiology. 
A brief inspection of the foundation of 
the bacterial theory will help to place it 
in its proper perspective. It had its 
origin in an era of enthusiasm for assign- 
ing infectious causes to diseases. It was 
fostered by tlie presence of external signs 
of inflammation accompanied by an in- 
creased rate of erythrocyte sedimentation, 
and it was strengthened by observation 
of patients in whom a frank focus of infec- 
tion was undeniably related to arthritis. 
It was subsequently buttressed when a 
similar arthritis was produced in e.xperi- 
mental animals by bacterial injections and 
in many minds it was conclusively estab- 
lished by the demonstration of strong 
agglutinins for the hemoh-tic streptococcus 
in the serum of many patients with t%-pical 
rheumatoid arthritis. 

These various lines of evidence, how- 
ever, will not bear close scrutiny. Inflam- 
mation does not necessarily signify infec- 
tion, as the signs and s%Tnptoms in gout 


or fresh burns will bear witness; nor does 
a rapid sedimentation rate necessarily 
signify infection, as observations^® of an 
increased rate in gout will testif3^ The 
fact that focal infection can cause arthritis 
does not mean that all non-specific arthri- 
tides have the same cause. The e.xperi- 
mental argument loses weight when we 
consider that turpentine injections are 
capable of arousing an arthritis which 
grosslj' and microscopicall.v closelj" resem- 
bles that produced bj- injections of bac- 
teria.® The significance of the strepto- 
coccus agglutinins wdll be discussed in a 
subsequent paper. 

Argumekts Against a Bacterial Ori- 
gin. The presence of bacteria of any 
species has not been consistently’^ demon- 
strable in the blood of patients with rheu- 
matoid arthritis.'^ The extraordinary' pro- 
longation of the active stage of the joint 
lesions in this disease and their tendency' 
to symmetry' are arguments against bac- 
terial etiology' in general, and their indif- 
ference to sulfanilamide^ and penicillin®’® 
is against a streptococcal etiology in par- 
ticular. 

Antistreptolysins and Antifibrino- 
LYSiNS. Antibodies formed in response to 
the presence of the whole hemolytic strep- 
tococcus may' be expected to be direeted 
not only' against the different fractions 
Avhich comprise its complex structure but 
also against the toxins or products of the 
microorganism. Thus, known hemolytic 
streptococcal infections such as scarlet 
fever or ery’sipelas or presumed hemolytic 
streptococcal infections as rheumatic fever 
ordinarily arouse antibodies which oppose 
the action of streptococcal hemolysin (anti- 
streptoh'sin) and streptococcal fibrinolysin 
(antifibrinolysin). In rheumatoid arthritis 
these antibodies have not been found in 
significant titer. 

The first report on antistreptolysin in 
the serum of rheumatoid artbrith was 
tliat of Myers and Keefer’® who staled 
that it wjLs not present in exce-’s of normal. 
Dawson and Olmstead’ found no definite 
incre:u‘:e in antistreptoly.sin in cases of 
more than 1 year’s duration but recorded 



WALLIS: RHEUMATOID ARTHRITIS 


715 


some increase in earlier cases. Slight in- 
creases in a few cases were reported by- 
Blair and Hallman'^ and by McEwen, 
Bunim and Alexander/® but the levels 
found were not comparable with those in 
rheumatic fever and known hemolytic 
streptococcal infections. Discrepancies in 
these observations may be accounted for 
by variations in selection of cases} differ- 
ent criteria for a normal level and disre- 
gard of antecedent upper respiratory tract 
infections. In 1940 Bunim and McEwen^ 
concluded that antistreptolysin is not in- 
creased in rheumatoid arthritis. With 
regard to antifibrinolysin, Myers, Keefer 
and Holmes,'® McEwen, Bunim and Alex- 
ander,'® and Perry'*' are in agreement that 


rheumatoid arthritis sera are within nor- 
mal limits. 

Reports of attempts to demonstrate 
complement-fixing antibodies and cuta- 
neous reactions to streptococcus fractions 
in rheumatoid arthritis have been sum- 
marized by Hench" as contradictory and 
inconclusive. 

Summary. The importance of the dis- 
tinction between true rheumatoid (atro- 
phic) arthritis and arthritis of other tj-pes, 
particularly that which is secondary to a 
focus of infection, is emphasized. 

The foundations of the bacterial theory, 
and more specifically, the hemolytic strep- 
tococcal theory, of the origin of rheumatoid 
arthritis are examined and found insecure. 
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RHEUMATOID ARTHRITIS 
n. Non-specific Serologic Reactions* 

By Allan D. Wallis, M.D. 

BESEAHCH FELLOW IN ABTHHITI8 
PHILADELPHIA, PENNSYLVANIA 

(From the Departments of Orthopa;dic Surgery and Physical Medicine, University of Pennsylvania) 

In the course of a study of precipitins trifugation. The uncentrifuged non-speci- 
in the sera of patients with rheumatoid fie precipitation of arthritis serum increases 
(atrophic) arthritis, to be reported in sub- with the age of the serum used in setting 
sequent papers, peculiar non-specific pro- up the test. Usually it is not well marked 
parties were noted in the sera. These until the serum has stood in the refrigera- 
properties appear to exert an influence of tor for about 1 week. It is not abolished 
primary importance on the general serol- by fasting the patient overnight before 
ogy of this disease. drawing blood. The centrifuged non- 

Precipitation With Physiologic Salt specific precipitate is less influenced by 
Solution. The “negative” or “saline the age of the sernm. Its intensity bears 
control” tube of each precipitin test con- only a general, not a closely quantita- 
tained 0.4 cc. of 0.85% sodium chloride tive relation to that which occurs before 
solution, 0.1 cc. of serum and no antigen, centrifugation. With the passage of time 
Each test was incubated in a water bath there is also apt to be some spontaneous 
at 37° C. for 2 hours and refrigerated precipitation in the refrigerated stocks of 
overnight before being examined. The undiluted serum, a possible source of error 
^ sera of many patients with typical® rheu- in precipitin testing. Precipitation in the 
matoid arthritis of more than 1 year’s saline controls of arthritis serum precipitin 
duration have a tendency to precipitate tests after centrifugation has been recorded 
in this “negative” control tube. Before by Dawson, Olmstead and lost* and by 
centrifugation, the precipitate may often Chasis and McEwen,- but its importance 
be seen (with a reading glass, fluorescent does not seem to have been recognized, 
lamp, dark background and darkened Furthermore, experiments which will be 
room), appearing as fine particles resem- reported in a subsequent paper suggest 
bling those of a genuine antigen-antibody the disconcerting possibility that an anti- 
reaction. Like the latter, their intensity gen may become non-specifically en- 
increases daj’’ by day as the period of meshed in the saline precipitate of rheu- 
observation is prolonged. With centrifu- matoid arthritis serum during centrifuga- 
gation, the tendency of arthritis serum to tion, thereby increasing the intensity of 
precipitate in saline becomes still more the precipitate, even though the scrum con- 
marked. The precipitate is now apt to tains no homologous antibodies. It is 
take the form of flakes, visible with the obvious that the existence of this possi- 
unaided eye. These likewise resemble the bility would make it difficult ever to be 
flakes of an antigen-antibody reaction, certain that such a serum actually con- 
except that the arthritis serum flakes are tained precipitins specific for amj antigen, 
occasionally more translucent. Of the Less frequently, the reverse situation has 
control sera, from patients with diseases been encountered, in which the presence 
other than rheumatoid arthritis, a few of an antigen has obstructed the tendency 
have shown fine particles in the saline to precipitate in saline. The enhance- 
control before centrifugation, visible only ment of precipitation by an apparently 
with the reading glass, but none have been heterologous antigen is best seen after 
encountered which j-ielded flakes on cen- centrifugation, but .tins cfTect may often 

* Aided by grants from the Charlotte Drake Cardera Foundation of the Jefferson Medical CollcEC 
and the National Foundation for Infantile Paralysis, Inc. 
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be detected in the delicate particles which 
are present before centrifuging. Omis- 
sion of centrifugation will therefore not 
prevent its occurrence. 

To overcome the tendency of arthritis 
serum to precipitate spontaneously with 
saline, we have tried the following meas- 
ures, without success: substitution of 1.7 
and 3.4% sodium chloride for 0.S5 and 
swinging the undiluted serum in an angle 
centrifuge before setting up the test. 
Samples of serum were also diluted with 
3 parts of physiologic salt solution, placed 
in a water bath at 37° C. for 2 hours, 
refrigerated for 7 days and cleared in an 
angle centrifuge. When these sera were 
used in a precipitin test, no precipitate 
occurred in the saline control tubes, but 
the potency of precipitins presumed to be 
originally present was greatly impaired. 

Agglutination of Collodion Par- 
ticles. During an investigation of strep- 
tococcus precipitins in the serum of rheu- 
matoid arthritis we undertook to convert 
a precipitin reaction into an agglutination 
by sensitizing a particulate vehicle with 
the antigen. Suspensions of fine collodion 
particles were prepared by the method of 
Cannon and Marshall and it was found 
that rheumatoid arthritis sera possessing 
strong hemolytic streptococcus agglutinins 
were apt to agglutinate the particles even 
when they had not been sensitized by 
e.xposure to an antigen. The "collodion 
titers” of the arthritis sera varied rather 
widely with different batches of collodion 
particles. They ranged up to 1 : 2560 and 
could not be consistently correlated with 
the streptococcus agglutinin titers of the 
same sera, hlost of the normal sera ex- 
amined did not give this reaction at any 


strength. None was positive beyond the 
lowest final serum dilution used, which 
was 1:20, The collodion-agglutinating 
factor in arthritis serum is rendered inert 
by exposure to 65° C. for 30 minutes. 
Ammonium sulfate fractionation shows 
that it resides in the serum globulin. 
The agglutination of collodion particles 
by rheumatoid artlmitis serum is appar- 
ently a non-specific flocculation analogous 
to the Takata-Ara, colloidal gold, cepha- 
lin-cholesterol and formol gel reactions. 
It is not recommended as a diagnostic test 
because of wide variation in the reactivity 
of successive batches of particles and 
because it is sometimes consistently nega- 
tive against sera from patients^with well- 
established rheumatoid arthritis of many 
years duration. Its relation to the titer 
of hemolytic streptococcus agglutinins will 
be discussed in a subsequent paper. 

The tendencies of rheumatoid arthritis 
serum to precipitate in saline and to 
agglutinate suspensions of collodion parti- 
cles are probably interrelated. Both are 
also presumably related to the globulin 
content of this serum, which is known®-® 
to be high. 

Summary. The sera of many patients 
with well-established rheumatoid (atro- 
phic) artliritis have a tendency to precipi- 
tate in the saline control tube of a precipi- 
tin test, especially after centrifugation. 
Many rheumatoid arthritis sera also differ 
from the normal in being able to aggluti- 
nate suspensions of fine collodion particles. 

Conclusion. Supposedly specific reac- 
tions in which rheumatoid arthritis serum 
takes part should be interpreted wdth 
caution. 
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RHEUMATOID ARTHRITIS 

m. The Pneumococctjs Antibodies* 

By Allan D. Wallis, M.D. 

BESEABCH rELLOW IN ARTHRITIS 
PHILADELPHIA, PENNSYLVANIA 

(From the Departments of Orthopedic Surgerj' and Physical Medicine, University of Pennsylvania) 


As an adjunct to their studj-^ of hemo- 
.lytic streptococcus agglutination by the 
sera of patients YUth rheumatoid (atrophic) 
arthritis, Dawson, Olmstead and Boots^-'* 
have investigated the agglutinability of 
other gram-positive cocci by the same 
sera. Agglutination to a significant titer 
did not occur with Strep, viridans. Strep, 
anhemolyticus, Staph, albiis or encapsu- 
lated pneumococci of Tj^pes 1, 2 or 3. 
However, non-encapsulated pneumococci 
derived from any of these types were agglu- 
tinated almost as strongly as the hemo- 
lytic streptococci. It is the purpose of 
the present paper to pro\'ide an e.Yplana- 
tion for the existence of agglutinins for 
the non-encapsulated pneumococcus in 
the serum of rheumatoid arthritis. 

Materials. Bacteria and Culture Media- 
The non-encapsulated pneumococcus strain 
I/192/R was used throughout. Stock cul- 
tures were kept in tubes in the refrigerator 
in a few cc. of neopeptone broth- (e.\tract of 
1 pound of top of the round, grossly fat- 
free; neopeptone [Difeo], 10 gm.; sodium 
phosphate dibasic, 4 gm.; tap water to make 
1000 cc.; final pH 7.6 to 7.8) with the addi- 
tion of a few drops of defibrinated horse 
blood. The same medium was used in pre- 
paring suspensions for agglutination. Unless 
the stock was subcultured at least once a 
month it lost its agglutinabilit}'. Mrs. 
Miriam .Olmstead Lipman kindl}- furnished 
samples of the microorganism on several 
occasions. Cultures for extractions were 
grown in a trj'ptone glucose yeast extract 
broth“ (trj-ptone peptone [Bacto], 20 gm.; 
glucose [cerelose], 5 gm.; NaCI, 5 gm.; j-east 
e.xtract [Bacto], 2 gm.; dipotassium phos- 
phate, 2.5 gm.; distilled water, 1000 cc.; 
final pH, 7.5). The pneiunococci tended to 


die out after 2 or 3 subcultures unless blood 
was again added. 

Pneumococcus C Substance.^^ For quanti- 
tative serologic use the polysaccharide was 
prepared by an approximation of the method 
of Goebel, Shedlovskj', Lawn and Adams,® 
omitting the removal of protein with copper 
sulfate. The acetone-precipitated polysac- 
charide resisted dr>dng by suction and was 
dried from the frozen state bj' Mr. Joseph 
Smolens, to whom our thanks are due. 
About 12 mg. of a fluffy white substance 
were obtained from 1 liter of broth culture. 
For qualitative serologic use a simpler meth- 
od based on the hot formamide extraction 
procedure of Fuller® yields a satisfactorj' 
product. Freshh' sedimented organisms 
were resuspended in formamide (Eastman 
No. 565), 1 cc. per 100 cc. of original culture 
medium, and heated in a mineral oil bath 
at 150° to 155° C. for 15 minutes. This 
treatment rendered the fluid nearly trans- 
parent, indicating efficient bacterial disin- 
tegration. After cooling, the pH was ad- 
justed to approximately 4.5, whereupon a 
light flocculent cloud appeared. This was 
spun down and discarded. It presumably 
included the F polysaccharide of Goebel, 
Shedlovskj", Lara and Adams.® This is the 
C substance conjugated with a fatty acid. 
If its removal was omitted a second pe.ak 
appeared in precipitin tests, attributable 
either to the action of anti-C in a different 
optimal range or to anti-F (cf. Goebel and 
Adams’^. To the supernatant were added 
sodium acetate (about 10 mg. per cc.) 
and 3 volumes of 95% ethyl alcohol. After 
overnight refrigeration the copious precipi- 
tate was collected in the centrifuge and 
taken up in phy.siologic salt solution, to 2% 
of the original broth volume. This extract 
was neutralized and a large undismlvcd resi- 
due was discarded bj- centrifugation. “Mcr- 


* .Uded by prants from the Charlotte Drake Cardoza Foundation of the Jcfrcr?on .Medical College 
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thiolate” (sodium ethyl mercuri thiosalicy- 
late, Lilly) in final concentration 1:10,000 
was added as preservative. 

Rheumatoid Arthritis Sera. These were 
from patients with typicah’' rheumatoid 
•arthritis. They were obtained in the dis- 
pensaries and wards of the Hospital of the 
University of Pennsylvania, Temple Uni- 
versity Hospital and the Philadelphia Gen- 
eral Hospital. Preservative was added as 
in the case of the C substance. The tendency 
of such sera to precipitate spontaneously in 
the saline control tube of a precipitin test 
has been described elsewhere.^® 

Sera From Patients Without Rheumatoid 
Arthritis. These were obtained on the surgi- 
cal and medical wards of the Hospital of 
the University of Pennsylvania. The pa- 
tients had a wide variety of diagnoses; none 
complained of arthritis; all were afebrile. 
Their age range was comparable to that of 
the arthritics. Preservative was added as in 
the arthritis sera. 

Methods. Precipitation Tests. The sam- 
ples of arthritis serum were allowed to age 
in the refrigerator about 1 week, and the 
non-arthritis sera at least that long, before 
setting them up in precipitin tests. A few 
sera had enough opalescence to render the 
precipitates illegible. The tubes used were 
10 X 75 mm. The antigen was used in 
amounts ranging downward from 0.4 cc., 
the volumes being made up to 0.4 cc. with 
physiologic salt solution, and to each tube 
was added 0.1 cc. of serum. With each test 
was included as negative control 0.4 cc. of 
saline without antigen. The tube contents 
were mixed by tapping and the tubes were 
incubatecT in a water bath at 37° C. for 
2 hours. After overnight refrigeration read- 
ings were made with the aid of a reading 
glass (2 inch diameter, 4 inch focus, mag- 
nification 2X) held about 2 inches from the 
tube, a fluorescent lamp, a dark background 
and a darkened room. The tubes were 
tapped several times to make the precipi- 
tate rise and become evenly distributed. 
Too Hgorous tapping was avoided as tend- 
ing to break up the larger aggregates. Cen- 
trifugation of the tests was omitted because 
it aggravates the tendency of arthritis serum 
to precipitate in the control tube. Subse- 
quent readings were made at daily intervals 
for 1 week, the tubes being refrigerated be- 
tween readings. Aside from covering the 
tube rack with an unsterilized paper towel, 


no special precautions were taken to secure 
sterility. Visible bacterial contamination 
was not encountered. 

Agglutination Tests. The procedure of 
Goebel and Adams'^ was used, with these 
exceptions: the bacterial suspension was 
diluted to approximate Tube 4 of the 
McFarland*® turbidity scale; the amounts 
of suspension and serum dilution used were 
both 0.3 cc. The last tube in which agglu- 
tination was visible with a reading glass 
was taken as the titer. This was usually 
1 tube higher than the last one in which 
agglutination was visible with the unaided 
eye. Substitution of triple for single wash- 
ing of the organism had no effect on the titer. 

Experimental. Our concept evolved 
in the following manner; Arthritis sera 
possessing hemolytic streptococcus agglu- 
tinins in high titer were set up against 
suspensions of non-encapsulated pneumo- 
cocci, which they agglutinated in titers as 
high as 1:640. A few sera from normal 
persons, included as controls, agglutinated 
the pneumococci in titers of zero, 1:20 
or 1:40, values comparable to Group A 
hemolytic streptococcus agglutinin titers 
of patients without rheumatoid arthritis.® 
As will appear later, these controls 
were not representative, but at the time 
we thought arthritis sera contained sig- 
nificant pneumococcus agglutinins. We 
then sought the pneumococcus component 
against which the arthritis antibodies 
were directed. The negative results of 
Dawson, Olmstead and Boots with encap- 
sulated organisms indicated that this was 
a somatic fraction. An obvious candidate 
was the pneumococcus C substance,'® 
which indeed proved precipitable by the 
serum of rheumatoid arthritis. 

At this point we learned of the observa- 
tion of Heidelberger and Anderson® (sub- 
sequently amplified'®), that the sera of 
most normal persons contain measurable 
amounts of precipitin for the pneumo- 
coccus C substance. To determine if the 
precipitates with rheumatoid arthritis 
sera were explicable on thi.-; basis, sera 
from patients without rheumatoid arthri- 
tis were set up in the same manner. Com- 
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parison of the precipitation by sera from 
non-arthritic patients (Table 1, A) \\-ith 
that by sera from patients with rheumatoid 
arthritis (Table 1, B) shows that the re- 
sults with the 2 kinds of serum are about 
the same, except that arthritis serum has 
a greater tendency to precipitate in the 
saline control and that its precipitation 
with the antigen is heavier when the saline 
control is positive. When allowance is 
made for this factor, arthritis serum has 
no more than the normal quota of anti-C. 


these agglutinins would appear to be 
stronger in the serum of a person who had 
acquired rheumatoid arthritis. Agglu- 
tinin titers are included in Table 1. Those 
of arthritis sera average about 2 tubes 
higher than those of non-arthritis sera, 
confirming our suspicion that the pneumo- 
coccus antibodies in arthritis serum are 
actually within normal limits but that 
their action is enhanced by the presence 
of a non-specific property related to the 
arthritis. 


Table 1. — Precipitation of Pneumococcus C Substance 
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B. By Representative Rheumatoid Arthritis Sera 
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2 X 10~* and 2 X 10”' dilutions of antigen were used in setting up tlie test.?. Ail antigen amounts 
were made up to 4 cc. iinth physiologic salt solution. Each tube received 0.1 cc. of serum. Incubation 
in water bath at 37° C. for 2 hours. The first reading was made after overnight refrigeration. Sultsc- 
quent readings at daily intervals, the tubes being refrigerated between readings. They were not centri- 
fuged. 

The 7 columns of symbols recorded for each serum represent readings made on the first through 7tli 
days after setting up the test. The following is the interpretation of the symbols: 

Visible only with reading glass: Without reading glass: 

0 = negative f = faint trace = weakest visible 

? = doubtful t = trace -f- = nc.vt stronger 

V = very faint trace h = hea\’j' trace — = reading not made 

* The figure beneath the designation of each scrum donor represents the titer of agglutinins in tliat 
serum for non-cncapsulated pneumococcus. Thus. ICO signifies that a final serum dilution of I ■ ICO 
was the highest (of serial double dilutions) capable of causing agglutination. 


The serum of patients with typical 
rheumatoid arthritis thus appears to have 
the ability to enhance serologic aggrega- 
tions. The non-specific nature of this en- 
hancement is emphasized by the observa- 
tion*® that such sera can agglutinate sus- 
pensions of fine collodion particles which 
have not been sensitized by the addition 
of an antigen. The implication with 
regard to the agglutination of non-cncap- 
sulated pneumococci by rheumatoid arthri- 
tis serum is obvious: if most normal sera 
contain agglutinins for this organism, 


Discussion. What portion, if any, of 
these agglutinins is actually anti-C is a 
question which has no bearing on our 
present argument. Presumably tlu‘ anti-C 
in norma! human serum i.s due to the fre- 
quent prc.°cnce of pneiiinoeorru.s in the 
normal throat. This inake.s it likely that 
norma! sera, and hence arthritis serp, con- 
tain antibodie.s against .'■omatic pneumo- 
coccus fractions otficr than C. Apchi- 
tinins directed against other fractions may 
account for the Jack of a closer correlation 
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between agglutinin titers and strengths of 
C precipitins in Table 1. 

The long period of observation of pre- 
cipitates in these experiments is necessi- 
tated by the inherent feebleness of human 
anticarbohydrate antibodies in a precipitin 
reaction, as compared with those of some 
other species, notably the rabbit. Another 
example is the weakness of human anti- 
sera in precipitating homologous type- 
specific carbohydrates of pneumococcus, 
as Finland and Sutlrff,® Stats and Bul- 
lowa^® and others have pointed out. These 
species differences have been attributed 
by Horsfall and Goodner^^’^^ to qualitative 
differences in the phospholipid require- 
ments of the respective antibodies when 
united with antigen. It is worthy of note 
that Heidelberger and Anderson® allowed 
human anticarbohydrate precipitates to 
stand S days in the refrigerator before col- 
lecting them for quantitative analysis. 

In recording our results, designations 
of various degrees of '‘trace” for precipi- 
tates visible only with a reading glass, in 
addition to the more conventional plusses 
for grosser precipitates, have been used 
for the sake of emphasizing several facts, 
namely, that these precipitates are more 
delicate than those obtained with rabbit 
antisera, that special aids (reading glass, 
fluorescent lamp, dark background, dark- 
ened room) are necessary for their e\'alua- 
tion, and that gradations observed under 
these circumstances are genuine. When 
dealing with slight gradations, in the 
absence of a permanent standard for com- 
parison, it is to be expected that a given 
precipitate might not always receive the 
same rating. In practice, the range of 
such variation in reading is small. For 
example, a “trace” might on another 


occasion be called a “faint trace” or a 
“heavy trace;” but this discrepancy does 
not exceed 1 gradation. The significant 
feature, however, is that on simultaneous 
comparison of a series of tubes, the relative 
intensities of the precipitates are easily 
determined. The reliability of the method 
is further demonstrated by examining a 
set of tubes on succeeding days, without 
knowledge of previous readings. The 
heaviest precipitate is found in the same 
tube as before, with comparable increases 
in all tubes. 

The pneumococcus phase referred to 
herein as non-encapsulated is widely 
known as “rough.” In the more logical 
later terminology of DawsoW it would be 
“smooth,” but this classification has not 
received the sanction of usage. 

Summary. With special visual aids and 
prolonged observation as substitutes for 
centrifugation, rheumatoid arthritis sera 
are found to precipitate the somatic C car- 
bohydrate of pneumococcus a little more 
strongly than do sera from non-arthritic 
patients. The greater ability of arthritis 
sera in this regard is apparently related 
to their greater tendency to precipitate in 
the saline control tube of a precipitin test. 

Rheumatoid arthritis sera likewise ag- 
glutinates non-encapsulated pneumococci 
a little more strongly than do sera from 
non-arthritis patients. This difference is 
presumably related to the ability of arthri- 
tis sera to agglutinate collodion particles. 

Conclusion. The increased ability of 
the serum of patients with rheumatoid 
(atrophic) arthritis to agglutinate non- 
encapsulated pneumococci appears to be 
due to a non-specific enhancement of the 
action of normally present antibodies. 


This vork was begun in the Laboratory of the Chestnut Hill Hospital, Philadelphia, under a grant 
from the Charlotte Drake Cardeza Foundation of the .leflerson Medical College. Our thanks are due 
to Dr. Thomas Cope, Jr., Director of that laboratory, for his cooperation and to Mrs. Charlotte Sommer 
for technical assistance. The work was completed at the University of Ponn=j'H'ania, under a grant 
from the National Foundation for Inf.antile Paralysis. Inc. The use of the facilities of the Harri'^on 
Department of Surgical Research and of the Departments of Anatomy ancl Bacteriology and the tech- 
nical assistance of Mrs. Ellon Powell arc gratefully acknowledged. 
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Terminology. In 1889, von Jaksch’® 
described an anemia accompanied by 
splenomegaly and leucocytosis which he 
thought was of specific nature and to 
which he gave the name “Anjemia infan- 
tum pseudoleuciemica.” This was subse- 
quently called “ Jaksch-Hayem-Luzet’s”’' 
anemia after the names of the authors 
who described it more fully. Later witers 
included under the name of von Jaksch’s 
anemia a miscellaneous group of unrelated 
anemias and splenomegalies. ^ 

There appeared in 1921, in the clinic of 
Thomas Cooley, a brother and sister with 
anemia, splenomegaly, and distinctive 
skull changes associated with a mongoloid 
appearance. Other similar patients were 
noted over the ne.xt few years. In 1925 
the series was described to the American 
Pediatric Society by Cooley and Lee.®®" 
Not until 2 years later did Cooley and 
his associates®’"'®'’’ assert that his 7 cases 
plus 5 others reported by Stillman and 
Pool'® belonged to a definite clinical en- 
tity, a hemolytic dysfunction distinct 
from hemolytic icterus and sickle cell 
anemia, to be dift’erentiated from other 
kinds of cases of the von Jaksch’s type. 
The concept of ^•on Jaksch’s anemia 
promptl\- began to fade from prominence. 


Debre and his associates®® claim that 
Hayem described the condition in 1898 
calling the disease “ splenomegalic icterus,” 
and that Minkowski described it again in 
1900. Perusal of Debre’s report makes it 
evident, however, that no clear line was 
drawn between what are now known to 
be 2 distinct entities, namely, Mediter- 
ranean anemia and congenital hemolytic 
(spherocytic) jaundice. Most writers 
credit Cooley as the true discoverer of the 
disease, for it was he who first challenged 
the specificity of von Jaksch’s anemia 
and reclaimed a genuine clinical entity 
from the confused mass of disorders 
grouped under that term. 

Cooley proposed the name “erythro- 
blastic anemia”®’® because of the large 
numbers of immature red cells in the 
peripheral blood. Later developments 
have shown that this term was not the 
best,'*'’’ as Cooley himself later realized, 
for it causes confusion between this 
specific entity and other anemias charac- 
terized by erythroblastosis such as “eryth- 
roblastosis fcetalis” due to the Rh factor. 
The term erythroblastic anemia has be- 
come further unsuitable -rt-ith the uncov- 
ering of the “carrier” state and of mild 
clinical and subclinical form'; in whicli 
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nucleated red blood cells may be absent. 
In truth, anemia itself is not an essential 
diagnostic criterion. 

Because of the predilection of the dis- 
ease for cliildren of Greek, Italian, SjTian 
or Armenian parents, I^Tiipple and Brad- 
ford^ suggested “Thalassemia” or “Med- 
iterranean anemia” from the Greek word 
for “great sea.” Cooley, feeling the use 
of his o\\Ti name for the designation of 
the disease added another undesirable 
eponjun, adopted the term Mediterranean 
anemia for his own elinic.-*'* 

The severe and readily recognizable form 
originallj’- described by Cooley has as- 
sured the anemia its place in the standard 
pediatric texts. However, more recent 
investigations®®* are shoving that the 
disease has a wide range of clinical se\’erity 
and that mild cases may have no anemia 
and normal life spans. Mediterranean 
anemia has thus spread from the bounds 
of pediatrics to in\''ade the realm of adult 
medicine. This has further complicated 
terminology. Mediterranean “disease” 
would seem more accurate than “ anemia.” 
Smith®®* uses the terms “severe” and 
“mild” for the gradations of severity. 
Valentine and Neel'*“ propose “thalas- 
semia minor” and “thalassemia major” 
for the corresponding conditions. Under 
“target-oval cell syndrome” Damashek-®' 
includes the entire range of variation from 
the frank advanced case to the patient 
who presents naught but minimal hema- 
tologic abnormalities. 

The Carrier State. Some years ago, 
Angelini^ and Caminopetros’®“ proposed 
the existence of a genetic carrier, as evi- 
denced by blood studies, results of the 
fragility test, and mild roentgenographic 
changes. Caffcy'^ also had hypothesized 
that mild cases can reach adult life and 
transmit the disease. 

IVintrobe’s®* confirmation of Angelini’s 
and Carainopetros' observation that the 
parents of active cases had decreased 
fragility of the red blood cells supplied 
the final link. This related to iMeditcr- 
ranean anemia various other anemia 
ENTidromes sucli as Hamjishek S"'^ lami- 


lial Mediterranean Target-oval Cell Syn- 
drome,” Strauss and Daland's'- “Familial 
Microcytic Anemia,” the “iMicrocytic 
Hj-pochromic Anemia Associated With 
Splenomegaly and Refractory to Treat- 
ment” of Eliel and Bayles,®- “La Sjm- 
drome di Cooley nell’Adulto” described 
bj’’ Chini,^' the “Familial Hemopoietic 
Disorder in Italian Adolescents and 
Adults" reported by Wintrobe and asso- 
ciates,®® and the observations by Gold- 
hamer®’ of characteristic blood changes 
in several members of 1 family over a 
span of 3 generations. 

Etiologv. The etiology is obscure. 
Cooley, Witwer and Lee®® originally be- 
lieved that the disorder was not primarily 
hemolytic but rather a disorder of hemato- 
poiesis due to a metabolic fault which 
also affected bone maturation. Because 
none of the early reported cases survive 
puberty, they felt that heredity played 
no part. Whipple and Bradford®®* offered 
the possibility of an inherited metabolic 
disorder or a deficiency disease which re- 
sulted in disturbed erythropoiesis, faulty 
bone formation, and bodily development. 
They compared the lack of a vital factor 
to that found in pernicious anemia. Lehn- 
dorff'*' suggested that the primary dis- 
turbance lay in a disturbed bone marrow, 
which because of some hereditary or 
.“mutational” influence was creating de- 
fective red cells. 

Impressed with the great similarity of 
the blood findings in jMediterranean dis- 
ease and chronic malaria, Nittis and 
Spiliopulos*® suggested that Jleditcrrancan 
anemia may be a peculiar form of malaria. 
Eight children ranging in age from 1 to 
12 years were treated with quinine. In 2, 
malarial parasites were found before treat- 
ment had been started. Within .3 months 
after treatment, all had improved clinically 
and hemafologically.' 

Similar reports from Greece and Italy 
liave strc-sscd the importance of m.alana 
as an ctiologic factor, either directly on 
the child or indirectly through injurj' of 
the germ-phasm or fetus in the niothfr 
before or during pregnancy .® '‘ '' Flynn- 



PEDIATRICS 


725 


cautions us to remember that malaria is 
very common in Greece and Italy. The 
possibility of coincidental infection would 
be difficult to exclude. Caminopetros^®®'*’ 
was of the opinion that a coincidental 
malarial infection in Mediterranean ane- 
mia was effective in relieving many of 
the symptoms. 

Smith®®' found no history of malaria 
in the individual members of the 16 fami- 
lies whom he studied. All but 1 of the 
children and 9 of the affected parents 
were born in the United States. Fawdry,®^ 
on the basis of his studies on Greeks on 
Cyprus, concluded that malaria played 
no part in the causation of the disease, 
although a few observers in the Mediter- 
ranean countries, such as Aravantinos,® 
prefer to believe that this is an “ infectious 
or parasitic process” with an affinity for 
the hemopoietic system. No relationship 
to the Rh factors has been demonstrated. 

Damashek®® has suggested, because of 
the hypochromia, the low mean corpuscu- 
lar volume, and the failure of response 
to iron medication, that a disturbance 
exists in the metabolism of hemoglobin, 
particularly in development of a normal 
amount in the cytoplasm of the nucleated 
red blood cells of the bone marrow. The 
hyperplasia of the marrow, normoblastic 
in type, is so extensive in proportion to 
the evident blood destruction that some 
cause, other than the constant one arising 
from the demand to replace the cells lost by 
fragmentation, is to be sought. Cooley®^'' 
postulated either a primary progressive 
abnormality of the bone marrow or a 
hyperplasia due to long-continued over- 
stimulation. The presence of large num- 
bers of circulating erythroblasts in some 
cases has led to the obvious suggestion 
that these immature cells have escaped 
into the circulation as the result of chronic 
demand on a particular type of hyper- 
plastic inadequate bone marrow or be- 
cause a lowered threshold for the release 
of erythroblasts occurs as part of the 
disorder. 

The fundamental defect lies obUously 
in the production of red blood cells. In 


the advanced cases the variation in size 
and shape of the cells is extensive; hypo- 
chromia is prominent; the cells contain 
so little pigment that their destruction 
yields little jaundice of the serum; and 
polychromatophilia and reticulocytosis can 
be demonstrated. The presence of large 
numbers of stippled cells suggests the 
possible action of some toxin, but this 
seems unlikely in view of the hereditary 
nature of the process.®®® More likely the 
stippling is a manifestation of a defect in 
structure of the corpuscle.®®' 

Erythrocytes in every stage of develop- 
ment may be seen. Commonly found 
are macrocytes with unusual central and 
peripheral deposits of hemoglobin, the 
so-called “target cells.” (See later dis- 
cussion of this cell.) 

Damashek®®® offered as possible cause 
for the increased hemolysis seen in severe 
cases: (1) Increased breakdovm of hemo- 
globin precursors which cannot be properly 
metabolized. (2) A possible increased in 
vivo fragility of the target cells although 
in vitro it has increased resistance to hypo- 
tonic salt solution. (3) Some abnormality 
in the spleen.® 

Similarly Wintrobe and his associates®® 
suggested that the fundamental defect lay 
in the production of abnormal red blood 
cells possessing an adequate or excessive 
membrane with but little cytoplasmic 
substance. As a result, the cells withstand 
the hemolyzing effect of hypotonic solu- 
tions more readily than normal cells. 
Much more fluid needs to be absorbed 
from a hypotonic solution to produce the 
spherical shape which is preliminary to 
bursting. Bradford and Dye” studied 
the morphology of the red cells in 8 cases. 
Wet preparations revealed marked frag- 
mentation. “Knob-like projections were 
observed to form and to break off from 
the erj-throcytes with regularity.” In 2 
children, after splenectomy, the cells 
showed a normal or decreased mean cor- 
puscular volume and an increased mean 
cell diameter, which suggested cells thin- 
ner than normal. PriceUones distribution 
curves usually show wide bases and in- 
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creased coefficients of variations in com- 
parison vdth normal blood. 

Cooley^i'^ believed that the fragmenta- 
tion and the peculiar, irregular deposits 
of hemoglobin in the cells are related. 
The abnormal physico-chemical structure 
of the cells predisposes them to rapid 
breakdovTi in the circulation. This would 
account for the anisocytosis and poikilo- 
cytosis so often observed. The many 
microcytes seen in the moist film are in 
part produced by fission of large cells. 
Valentine and Neel,^®“ on the basis of 
their exhaustive original studies and 
analysis of the recorded cases, have con- 
cluded, and . apparently rightlj% that 
Mediterranean anemia is due, not to lack 
of extrinsic iron, but to an inherited ina- 
bility of the body to utilize or s^mthesize 
some substance essential to normal eryth- 
ropoiesis. "Thus far, efforts to identify 
the missing factor in thalassemia have 
been entirely unsuccessful.” According 
to this concept, the difference between 
the mild and severe forms would be a 
matter of difference in the capacity to 
elaborate the unknovii deficient substance. 

The enlargement of the spleen which 
appears early is probably due to its over- 
actirity in disposing of the products of 
fragmentation.-''* The spleen shows no 
evidence of increased ei^'throphagocytosis. 
The enlargement of the liver is probably 
associated with persistent anemia; Vliip- 
ple and Bradford®^ discovered that the 
liver at postmortem contains about 10 
times the amount of iron normally found, 
whereas the spleen holds less than the 
normal amount. 

After splenectomy, there is a marked rise 
in the number of nucleated red cells in the 
peripheral blood. A level of 2200 per 100 
white blood cells may be rcached.*“^-'''““’^ 
Unlike the transient normoblastic crisis 
which follows splenectomy in hemoK-tic 
icterus and pernicious anemia, the level 
of nucleated red blood cells continue per- 
manently at an elevated level. It is 
difficult to e.xplain this, unless the possi- 
bility is entertained that the spleen has 


preriously been actively destroying these 
cells. 

VTiipple and Bradford®^ pointed out 
the peculiar pigment distribution in the 
tissues that could be duplicated in only 
one other condition, hemochromatosis. 
The pigments which are chiefly iron-stain- 
ing are increased tiiroughout the tissues, 
except in the spleen wliich contains less 
than the usual amount of iron. Since the 
patterns of pigment distribution are al- 
most identical for both hemochromatosis 
and Mediterranean anemia, these authors 
concluded that the blood disturbance alone 
is probably not responsible for the pigment 
abnormalities in INIediterranean anemia. 

Valentine and Neel’^ attempt to explain 
the disturbance in terms of an inherited 
inability of the body to metabolize com- 
pletely more than a limited amount of 
iron into hemoglobin, regardless of the 
quantity of iron ingested or stored in the 
body reserves. Thus there would be a 
deficiency of some factor essential for 
hemoglobin s^mthesis, the deficiency being 
quantitatively much greater in the fatal 
form of the disease than in the milder 
genetically related variety. The iron- 
containing pigments found in the viscera 
could be c.vplained as being some pigment 
precursor of hemoglobin which, incapable 
of being synthesized further, becomc.s 
deposited in tissues much as in ochronosis; 
incompletely’ metabolized products of tyro- 
sine become deposited in cartilage. Carry- 
ing this explanation further, the erythro- 
blastosis becomes the result of the extreme 
degree of iron deficiency; the bone changes 
are a response to the markedly hyperplas- 
tic bone marrow; and the jaundice, never 
marked, becomes due to the tendency for 
all abnormally shaped red cells to be de- 
stroyed more rapidly than normal re<l 
cells, regardless of the nature of the abnor- 
mality. 

Target Cells. Hadcn and Bvan.s'* in 
1937 described in fresh preparation.^ of 
blood of patients with sickle cell anf-mia 
red cells which had “a central '.'■ngar 
loaf’ elevation so that in profile they had 
the appearance of a Mc.xican hat in.-tead 
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of a dumbbell.” On stained smear these 
cells had a peripheral ring and a central 
dot of hemoglobin with a pale or unstained 
intermediate zone. The unusual morph- 
ology was deemed to be in some way re- 
lated to the abnormal tendency to hem- 
olysis or the ease of fragmentation. The 
cells were believed to have an unusual 
capacity for taking up water so that they 
almost doubled their volume before hem- 
olysis resulted. 

The following year, Barrett® showed that 
these cells occurred in obstructive jaundice 
even when the hemoglobin and red counts 
were normal, after splenectomy, in steat- 
orrhea, and in a group of anemias in which 
the color index was not more than 0.8. 
Similar cells were later noted in Laennec’s 
cirrhosis, catarrhal jaundice, metastatic 
involvement of the liver and cardiac de- 
compensation.®® 

Noting that when viewed from above at 
different levels these cells presented a 
“bull’s eye” appearance, Barrett® sug- 
gested the name “target cell,” which was 
quickly accepted. He showed that the 
increased resistance to hypotonic solutions 
associated with the presence of target cells 
was due not only to the increased resis- 
tance of the target cells themselves, but 
to the tendency of these cells to be asso- 
ciated with other cells of a resistant type. 
His measurements revealed the target cell 
to be of slightly smaller diameter (7.662 fj) 
than the normal cell (8.045 /z). He ques- 
tioned Haden and Evans’ description of 
the cell as “dimpled,” and proposed “um- 
bonate” instead, because of the central 
projections. Studies on wet films revealed 
that target cells exist in the blood as bowl- 
shaped precursors. Only on drying does 
the characteristic “target” appear. In 
the process of drying bowl-shaped cells 
form a hump in the center. 

Barrett felt, as had Haden and Evans, 
that the increased resistance of this type 
of red cell was probably related to the 
morphology. A decrease in thickness ap- 
peared to be the most constant character- 
istic. He compared the target cell to a 
bladder which is collapsed and almost 


empty. As fluid passes into it, it becomes 
gradually more distended, but not until 
the spherical stage is reached will there be 
any significant increase in the tension of 
the cell envelope.^® According to Haden’s 
theory^® which is essentially a mechani- 
cal one, the thicker the cell the greater the 
fragility and vice versa. The precursor of 
the target cell, the bowl-shaped cell has 
a surface-volume ratio of relatively high 
magnitude. In its transformation to the 
target corpuscle the cell envelope is thrown 
into folds so that it is larger than that of 
the disc-shaped corpuscle. This makes 
for a cell envelope which has a surface 
relatively large compared to the cell 
volume. 

In 1938 target cells were identified by 
Bywaters^® in a case of Mediterranean 
anemia. Although not commented on in 
the text, target cells are evident also in 
the blood films illustrating Caminopetros’ 
paper (1938)’®“ on Mediterranean anemia. 
Since then their presence in this disease 
has become well recognized. The increas- 
ed resistance (decreased fragility) was 
confirmed by Damashek^®“ and later by 
Bohrod.’®“-® However, in direct contrast 
to Barrett, Damashek found in his cases ^ 
that the target cells were larger than the 
average red cell; he also noted their fre- 
quent presence in Mediterranean anemia. 
Bohrod’®“’® believed the target cell to be 
a young hyperresistant one produced bj-^ 
the bone marrow in response to blood loss, 
regardless of cause. He found them pres- 
ent in most chronic anemias, and regarded 
their occurrence as analogous to that of 
the reticulocyte. Damashek®®" regarded 
the target cell as a congenitally defective 
cell, probably the fundamental defect in 
Mediterranean anemia. He pointed out 
that a cell which is hyperresistant to the 
m viiro hypotonic solution test may never- 
theless be lij'poresistant to the in viro 
destructive mechanisms. Cooley®’'’ in his 
Presidential address before the American 
Pediatric Society commented likewise 
that these cells bear no specific relation- 
ship to Mediterranean anemia. 

Recent evidence, indicates that lyso- 
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lecithin in the relatively stagnant blood 
of the spleen maj' increase erythrocyte 
fragility. Ham and Castle’s^ studies indi- 
cate that the spleen is the chief stasis 
organ of the body and that as a result of 
first physical, and later metabolic changes, 
the red blood cells become spheroidal and 
more fragile. 'Kniselej^-^ showed in the 
li\dng animal that blood free of plasma 
stagnates in the splenic sinusoids for 
several minutes to several hours. All these 
studies tend to confirm the opinion that 
the red blood cells become modified in 
their passage through the spleen in the 
direction of increased sphericity and in- 
creased hypotonic fragility. 

On the basis of the foregoing and Bar- 
rett’s establishment of a morphologic back- 
ground (the target cell) for the increased 
hypotonic resistance of the red blood cells 
after splenectomy. Singer and his asso- 
ciates®^ postulate the possibility of a hypo- 
splenic condition in hlediterranean ane- 
mia. They noted the appearance of target 
cells in the blood following splenectomy in 
dogs and guinea pigs, and ligation of the 
splenic veins in dogs. They conceive that 
the erythrocytes when first produced in 
the bone marrow are relatively thin, but 
later develop a "normal” degree of thick- 
ness on passing through the sinusoids of 
the spleen. Accordingly, when the spleen 
is absent, the red cell population tends to 
be thinner than normal and a definite pro- 
portion of red blood cells become suffi- 
ciently thin to be recognized as target cells. 
The possibility is also advanced that the 
spleen may c-xert some hormonal influence 
on the late stages of maturation of the 
erj'throcyte. In the absence of such a 
hj^pothetical factor, target cells may 
develop. 

Smith*®' is similarly con\'inced that the 
target cell is noii-specific and that de- 
creased fragility does not depend on their 
presence. Of 53 individuals examinefl who 
had a mild form of Mediterranean anemia 
plus increased resistance to htTwlonic solu- 
tions, only one-half showed target cells in 
their blo<^. Microscopic examination of 
the sediment in the tubes in the extremely 


dilute solutions of sodium chloride often 
failed to reveal the bowl-shaped precursors 
of the target cell. 

Valentine and iSTeeP*®’* disagree with 
Vohrod’s contention that the target cell 
is only a young hyperresistant form ap- 
pearing in the blood as a response to blood 
loss. They have repeatedly seen evidences 
of the bone marrow pouring out large num- 
bers of young cells in the absence of target 
cells. They disagree with Damashek’s 
view that the target cell is the fundamental 
inherited defect in Mediterranean anemia. 
Thej' deem the target cell to he a thin, 
resistant cell, of non-specific nature. They 
point out that this cell is encountered in 
many other conditions, that some patients 
with undoubted Mediterranean anemia 
fail to display it, and that the number of 
such cells which appear in a stained blood 
smear depends to some extent upon the 
manner of preparation of that smear. 
They had been able to produce target cells 
in viiro by suspending normal red cells in 
plasma or scrum ren'dered hypotonic cither 
by the addition of chemicals or by evapo- 
ration. 

Diagnostic Criteria. Tlic severe form 
usually has its onset in early infancy, as 
early as the 3rd or 4th montli, though its 
presence may not be suspected until the 
5th or Gth year of age. The first apparent 
symptom is usually pallor. Anorexia and 
fatigue are also noted early. A protniding 
abdomen or palpaliic spleen may he the 
first finding to invite further examination. 

The anemia is constantly progressive 
and iieforc many months the disease proc- 
ess hecomc.s well cstahlishcd. Malnutri- 
tion and retardation of growth are present 
in varying degrees. The characteristic 
facies usually doc.s not hecome apparent 
until after the 1st year and sometimes 
not until several ye.ars. The mongoloid 
appearance results from tievelopmenf of 
the malar and orbital l)onc.s. Thi.s cau'c- 
some prominence and slanting of the cyf-«- 
The appearance is heichtened hy the suie 
ictcric tinge of the skin. The jiroininerice 
of the upper teeth are a result of protni- 
sion due to Iniierpl.asia of the maxilla-' 
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The abdomen becomes progressively pro- 
tuberant with increase in size of the liver, 
and especially the spleen. The spleen 
may become so weighty that the small 
child cannot stand up without support 
lest he be thrown forward. Lymphaden- 
opathy is slight. The sclerte may become 
mildly icteric. The urine may be dark 
from urobilin but almost never contains 
bile. There are no characteristic hemolytic 
crises but exacerbations may occur during 
infection. 

True cardiac hypertrophy has been 
demonstrated repeatedly.^® Hemic mur- 
murs are readily audible and in advanced 
cases cardiac action may eventually be- 
come embarrassed. In the late stages, 
ecchymosis and free bleeding may be seen. 
Pathologic fractures are not uncommon. 
Corcoran^^ described an 8 year old boy 
who first came to medical attention be- 
cause of a spontaneous fracture of the left 
femur. 

Of more recent interest is the recogni- 
tion of mild or asymptomatic forms of the 
disturbance. The mild or “minor” form 
is beginning to be recognized as widely 
prevalent, in contrast to the marked or 
“major” form which is more familiar but 
comparatively uncommon. (See a later 
section of this Review for a summary of 
surveys regarding prevalence.) Careful 
study of the blood may be the only means 
by which the mild form may be detected. 
Subtle roentgenologic bony changes may 
also be demonstrable. 

Well-established cases have anemia as 
a prominent symptom, but the mild form 
may have a normal or even increased red 
cell count.®®*’ In both varieties the hemo- 
globin content is usually lower than the 
red cell level, giving rise to a low color 
index. In Smith’s®®'^ studies on 54 affected 
parents and siblings, in 16 families, morph- 
ologic changes in the red cells were de- 
tected in all individuals regardless of the 
intensity of the anemia. Smith’s descrip- 
tion is representative of the current 
understanding of the red cell abnormali- 
ties. “These changes consisted of vary- 
ing degrees of hypochromic anemia, occa- 


sionally polycythemia, an elevated icteric 
index, the presence of target cells, reticulo- 
cytes, macrocytes and stippled red cells, 
and increased resistance of the red cells 
to hemolysis. The most common findings, 
regardless of the severity of the anemia, 
were anisocytosis and poikilocytosis, baso- 
philic stippling and increased resistance 
to hypotonic sodium chloride solution. 
The hypochromic and polychromatophilic 
macrocytes constituted an important diag- 
nostic feature and were frequently found in 
predominantly microcytic blood smears.” 
He found a reticulocyte increase ranging 
from 2 to 8 % in all subjects with anemia, 
the increase being proportional to the 
severity of the anemia. The number of 
stippled cells was not always nroportional 
to the number of reticulocytes. Nucleated 
red cells free in the blood stream were 
found only with advanced anemia. The 
vast majority of nucleated red blood cells 
were normoblasts. 

Diversity of red cell size was another 
prominent feature in Smith's cases. There 
Avas a tendency to microcytosis with large 
cells interspersed. In mild cases the 
macrocytes were few in number, but in 
anemic cases they often appeared in great 
numbers. Smith®®'’ described 3 types of 
macrocytes. The first is the target cell 
which is seen in about half of patients 
Avith the mild form of the disease. The 
second is a circular or slightly OA'al cell 
haAung a narroAv rim of hemoglobin and a 
large central achromic area. The third 
cell, and the one Smith belieA'es to be the 
most specific, is large and pale and bears 
its hemoglobin irregularly distributed. 
This cell looks as if defectiA’ely stained. 
It is extremely thin and leaflike and in 
AA'et preparations the edges fold over. 

The majority of his mild cases showed 
a normal or slightly decreased A'olume of 
packed red blood cells accompanying the 
slight to moderate reduction in hemo- 
globin content. Regardless of^ se\'erity, 
anisocytosis and poikilocytosis AA-ere in- 
A-ariably present. Smith found, as had 
Wintrobe®® previously, that morphologic 
changes Avere far out of proportion to the 
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mildness of the anemia. Polychromato- 
philia, Howell-Jolly bodies, Cabot rings, 
nuclei and reticulated markings appeared 
frequentl3\ 

The fragility test is believed by Smith 
to be the most important single procedure 
for recognition of both the mild and the 
advanced forms. In Mediterranean ane- 
mia the span of fragility of the red blood 
cell is prolonged. In jMild cases unhem- 
olyzed cells may be found in 0.175 % solu- 
tions of sodium chloride. In severe cases, 
hemolysis may not be complete until dis- 
tilled water is used. Angelini'* first 
called attention to the importance of the 
fragility test in detecting the mild case 
or carrier. This was confirmed indepen- 
dently by Caminopetros.** 

In the advanced disturbance the leuco- 
cytes are usually moderately elevated. 
One of the patients of l^Tiipple and Brad- 
ford^ had a count of 116,000. The leuco- 
cytes are usually immature types such as 
early myelocytes and young l;>Tnphocytes.“ 
Platelets may be normal or reduced. The 
bleeding and coagulation times are usu- 
allj-^ unthin normal limits. The van den 
Bergh test, if positive, is indirect and the 
icteric index may be as high as 20. Urine 
and feces usually show increased amounts 
of urobilinogen. The serum, calcium, 
phosphorus and lipids fall within normal 
limits. In the mild cases no disturbance 
in the hemopoietic system is usuallj- elicit- 
able apart from morphologic and resistance 
changes in the red cells. - 
Resistance to antianemic therapy aids 
in the diagnosis. IVhen an infant or young 
child of ^lediterranean origin free from 
infection fails to respond to adequate iron 
therapy, his future course will probably 
be that of Mediterranean anemia.®*' 

Almost always 1 or both parents or 
grandparents come from one of the Medi- 
terranean countries. The tendency to 
familial occurrence is of extreme impor- 
tance in diagnosis. Clinical findings arc 
usually rharkcfl only when the anemia is 
well established and progressive. 

^^^lipplc and Bradford*^* cmpha.si7.e<l 
the pigment abnormalities in advanced 


cases which follow accurately the pattern 
of pigment distribution in hemochromato- 
sis. Deposition of iron-containing pig- 
ments in the skin cause the characteristic 
subicteric tint.*- 

The bone marrow shows marked hyper- 
plasia. Parent stem cells of the marrow 
(hemocytoblasts) are abundant. i\Iyclo- 
cytes of all types are numerous as are 
megakaryocytes. Normoblasts are pres- 
ent in great excess; megaloblasts not so 
abundantlj'.’“'**''* 

Highly characteristic is the increased 
outpouring of immature red cells which 
follow's and persists after splenectomy. 
As already mentioned, all observers agree 
that splenectomy is productive of no clini- 
cal improvement apart from the mechani- 
cal relief gained bj' removal of a large and 
heavy organ from the persistently dis- 
tended abdomen. The red blood cell 
count and hemoglobin level appear to re- 
main unchanged after splenectomy. 

Little can be added to the observations 
of Caffey’^'^ on the skeletal changes. 
These findings are essentially non-specific 
and characteristic of all the chronic hemo- 
lytic anemias of infancy and childhood 
though it is in severe Mediterranean 
anemia that they are most marked anti 
most frequent. Identical lesions have 
been seen in chronic malaria, kala-azar 
and syphilis.** All observers arc agreed 
that the changes in the bones arc not 
primary but secondarj’ to increased blood 
formation, taking place before the corte.t 
is sufficiently firm to resist the expanding 
marrow. The extent of skeletal change 
is usually parallel to the severity of the 
anemia. Mild anemias have but little 
bone changes. The later in childhood the 
disease becomes manifest, the le.-^s rriarkeil 
b the osteoporosis. 

In the skull, overgrowth of hemoixiietie 
tissue widens the fliploic spaces by dis- 
placing the outer table extenially, I he 
frontal bone becomes the site of the earlic-st 
and later of the mo^t marked thickening. 
The radiating spicuU-s of the frontal and 
parietal Ijones may make tiie-e 
5 times their nnrm.al tbiekn(^‘.‘- .'’Wtll- 



PEDIATRICS 


731 


ing of the zygoma cheek bones contributes 
to the mongoloid appearance. The inter- 
nal expansion of the swollen upper maxilla 
sometimes obliterates the maxillary sin- 
uses. Skull thickening may antedate the 
long bone changes, or vice versa. 

The long and short tubular bones are 
uniformly involved, with widened medul- 
lary canals, thinned cortices and general 
osteoporosis. Heavy trabeculations, par- 
ticularly near the ends of the shaft, may 
cross irregularly through the medullary 
spaces. During late childhood and early 
adult life sclerosis may supervene. Matu- 
ration and growth of the skeleton may be* 
retarded. The bone changes come after 
the blood changes. They have been ob- 
served as early as age 4| months,^'*® though 
most of the marked cases have had appar- 
ently normal bony contours until after 
ages 6 to 9 months. Splenectomy appears 
neither to accelerate nor retard the de- 
velopment of bone lesions. 

Genetic Behavior. There is little 
doubt that Mediterranean anemia has a 
hereditary origin, even though the severe 
cases usuallj'’ fail to reach adolescence, 
and those who have gone on to maturity 
have failed to procreate.^” The question 
is not whether it is transmitted, but how? 

Angelini^ supplied early evidence for a 
hereditary origin. In a study of 26 mem- 
bers of 6 families, he found that nearly 
all the parents and siblings showed two 
striking features — a slight bilirubinemia 
and an increase in the resistance of the 
red blood cells to hemolysis. The absence 
of sex linkage is well established although 
Bundles and Falls®^ have described a 
somewhat similar form of anemia thus 
transmitted. 

Caminopetros,'®® working at the Pasteur 
Institute of Athens, found 35 cases of 
Mediterranean anemia in eastern Greece 
and made detailed observations on sev- 
eral generations of 4 families, 1 for 4 
generations. He demonstrated mild bone 
changes in apparently healthy members 
of the family as well as an increased resis- 
tance to hypotonic solutions of sodium 
chloride. He postulated on the basis of 


his studies that the disease is transmitted 
according to the Mendelian law as a reces- 
sive character. His study of the family 
trees brought out the surprising fact that 
the ancestry of these Greeks included 
some Chinese who had migrated to Asia 
Minor. This might account for the “ Mon- 
golian eye” occasionally found in some 
cases. 

McIntosh and Wood®® concluded that 
failure to discover a significant excess of 
marriages of cousins among the cases over 
that present in the community at large 
argued against the mechanism of simple 
recessive inheritance, although the theo- 
retic ratio of 1 affected to 3 unaffected 
siblings was demonstrated. These authors 
state that dominant inheritance “ may op- 
erate to produce Mediterranean anemia 
in the children of apparently healthy 
parents in 1 of at least 3 ways: first, by 
recent mutation of genes as in amaurotic 
family idiocy; second, by operation of 
some as yet unrecognized environmental 
factor which allows the genetic trait to 
be expressed; third, by association of 2 
genes, each of them rare and each capable 
of producing a recognizable deviation from 
normal when occurring alone in the par- 
ents, but causing an anemic sjmdrome 
only when found simultaneously in 1 per- 
son.” They discount the first 2 hypotheses 
on the basis that these fail to account for 
the 1 :3 ratio of affected to unaffected sib- 
lings, and for the occurrence of the anom- 
aly in twins, and conclude that 2 dominant 
genes is the most plausible method of 
transmission. They suggest that the in- 
creased resistanee of the red cells may be 
the expression of 1 of these sjmergistic 
genes. 

Coolev”® believed the inheritance was 
by a simple donnnant. He rejected the 
idea that the disease was race-limited. 
"MHien a disease-producing mutation takes 
place, it recurs first in the neighborhood 
of its origin. It is limited to a race in 
proportion to the clannishness and fijola- 
tion of the people involved. The appear- 
ance in a Negro or Chinese child must 
not be attributed to an unlikely racial 
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cross. Such occurrences may be explained 
on the new appearance of mutations which 
set up new foci of the disease.” 

Damashek's^ studies on 10 Italian 
families with target-oval cell sjmdromes 
led him to believe that the mild disorder 
was readily transmitted by a IMendelian 
dominant, but that the severe disorder 
required the presence of homozygous genes. 

Smith®®^-' found in everyjamily he stud- 
ied vdth a severelj’- affected child that 
both parents presented abnormalities of 
the blood, except in 1 family incompletely 
investigated. Smith suggests that inheri- 
tance is by a dominant gene, judging by 
the family pedigrees of his cases and those 
of others.“-’5°'^ 

Valentine and Neel"^ have made a 
thoughtful analj’sis of the manner of 
inheritance, basing their considerations 
upon a re^^ew of the literature and ob- 
servations of 34 persons in 4 affected 
families. In these families 24 persons 
had hematologic findings qualitatively 
similar but quantitatively less severe than 
those of full-blown jMediterranean ane- 
mia (which the authors prefer to call 
thalassemia), including increased resis- 
tance of erj’throcj’tes to hj'potonic solu- 
tions of sodium chloride, target and oval 
red blood cells, microcj'tosis, and hj-po- 
chromia. Valentine and Neel scrutinize 
the 3 most likely patterns of inheritance. 
The first is that the severe form results 
from homozygosity for a faetor which 
when heterozygous produces the mild ane- 
mia, i. e., the responsible factor is either 
an incomplete recessive or a semi- 
dominant. Otherwise stated, the full- 
blown disease is inherited as a recessive 
characteristic, but the heterozygote as 
well shows significant changes in the 
blood. This is the theorj^ of Camino- 
petros^^ and Dameshek.-® The second 
likely pattern of inheritance is that pro- 
posed by Coolej-^*' and Smith®®' that both 
the severe and the mild conditions have 
the same genetic basis and are due to a 
dominant factor variably expressed. Thus 
1 person heterozygous for this factor may 
have a severe disturbance, and another 


one only minor changes, the different 
reactions being determined by en^aron- 
mental and genetic modifiers. The third 
likely pattern is that suggested hy McIn- 
tosh and Wood'® who proposed that the 
disease is caxised by the simultaneous 
presence of 2 non-allelomorphic dominant 
factors, 1 inherited from each parent. After 
discussing these alternative possibilities 
^'alentine and Neel conclude, from con- 
siderations too lengthy to reproduce here, 
that “the bulk of e\’idence, with one sig- 
nificant departure, favors the hypothesis 
that the mild state is due to heterozygos^ 
‘ity for a factor which when homozj^gous 
results in full-blown thalassemia.” The 
authors present this ^w as the working 
approach which fits the known facts best, 
even though certain trends remain puz- 
zling, such as the tendency for a significant 
excess of mildly affected indinduals among 
the offspring of mildly anemic and nor- 
mal parents. Technicallj' they favor the 
theorj' of an incomplete recessive gene, 
although Gates®*® from a renew of the 
same series of cases inclines toward the 
new that the gene is a partial dominant, 
sublethal when homozygous. 

PHEV.4LEXCE .AXD DiSTRIBDTIOX. The 
disease is largely confined to the popula- 
tion linng along the Mediterranean littoral 
and their descendants. Many wnters 
confine the disease to the northern shore, 
but it has been reported from both shores.®® 
Most of the patients come from Greece, 
Sicily, and Calabria. Strangely enough, 
the first case from Italy was not reported 
until 1934,®® almost 10 years after Cooley’s 
original description. Alany believe that 
the southern Italians with the disease are 
partly of Greek origin.®" During the 
height of the Greek era of ciralization and 
particularly during the reign of Alexander 
the Great, there was extensive coloniza- 
tion of all the Alediterranean countries 
by Greece, with subsequent intermarriage. 
Fawdi^-®* found many advanced cases 
among the Greek inhabitants of Cjli™®’ 
in 24 years as medical ofiicer in 1 district 
he encountered 20 such patients, 19 chil- 
dren and 1 adult. 
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Investigation of the fossilized bones of 
the mound builders of eastern Arkansas,®^ 
and of the pre-Columbian Peruvians® indi- 
cate that in those past civilizations a 
disease existed whose roentgenologic find- 
ings are identical with Mediterranean 
anemia.®’ 

A number of instances of an identical 
or closely similar anemia have been re- 
ported in non-Mediterranean races. Sara- 
coglu®® described Mediterranean anemia in 
a 9 year old Turkish boy whose brother 
had died from a severe anemia. This is 
the fourth reported case among individuals 
of Turkish descent. Sendrail et oL®® ob- 
served a Spanish case. Bywaters’® de- 
scribed a 10 year old iU child with a blue- 
eyed English policeman as father, an 
English mother, and 4 healthy siblings. 

Diwani®® found the disease in 2 Egyptian 
children. Mukherji®* has recorded a 30 
month old Hindu male with this anemia. 
Patel and Bhende®® noted a Brahmin boy 
who had the disease complicated by cir- 
rhosis of the liver and kyphosis. Coelho’® 
has observed 2 Indian girls aged 6 and 
9 years, and Napier®® and his associates 
a Hindu boy aged 10 years. Dhayagude®® 
has described a 7 year old Brahmin boy 
who had the disease in a moderatelj’^ severe 
form, and from New Delhi, Malhotra and 
Chhuttani'*® have reported a 4 year old 
affected child. 

The first case in a Chinese child was 
reported in 1940 by Foster.®® No Roent- 
gen rays were taken of the skull or long 
bones. The mother had hematologic find- 
ings suggestive of a mild form of the dis- 
ease. Wang and IClioo®® in the same year 
report 3 cases of hemolytic anemia with 
erythroblastosis in Chinese children. One 
of the 3 appeared to have IMediterranean 
anemia. 

Damashek'®® in his article on the “ Tar- 
get Cell Syndrome” (1943) mentions a 
typical case of IMediterranean anemia in 
a Negro child observed at the Mt. Sinai 
Hospital of New York. Stilc.s. IMarlowe 
and Dangcrfield®® describe a 33 year old 
Negro with the hematologic findings of 
the disease; this individual's mother and 


sister also had histories of anemia and a 
maternal great-grandparent was of* Italian 
origin. Faber and Roth®® report an in- 
stance in a Negro girl. Damashek,®®'^ who 
has often seen target and oval cells in 
Negroes with no evidence of sickling, 
states the entire subject needs amplifica- 
tion. Do\vney®’ feels that many cases in 
other races may have been overlooked 
because the symptoms are sought only 
among Mediterranean descendants. 

Neel and Valentine®® made a city-wide 
survey of the number of individuals of 
Italian descent living in Rochester, N. Y. 
and the prevalence of Mediterranean ane- 
mia among them. These individuals for 
the most part were immigrants or descen- 
dants of immigrants from Sicily or south- 
ern Italy. Survey of hospital records re- 
vealed the occurrence of the severe form 
of the anemia was 1 per 2368. From this 
datum they estimated the number of 
mild cases which might be present among 
this same population, basing their calcu- 
lation upon the hypothesis that severe 
Mediterranean anemia is an inherited dis- 
order due to homozygosity for an inherited 
factor, whereas the milder disorder is due 
to heterozygosity for the same factor. 
Their calculation led to the ratio 1 per 
25 adult Italians for the frequency of the 
minor disorder in Roehester’s population. 
This estimate has thus far not been vali- 
dated by direct study of representative 
samplings. 

Prognosis. The prognosis is contin- 
gent on the fact that the disease shows 
a wide range of variation, from the "trait” 
or carrier state to the advanced form 
marked by severe anemia. Indi^^duals 
having the mild form may and usually 
do have a normal span of life, whereas 
individuals having the severe form, with 
onset early in life, marked anemia, spleno- 
megaly, and bony changes, rarely sur\-ive 
adolescence. They succumb from pro- 
found anemia or intercurrent infection. 
Very occasionally, a temporary remission 
may be induced by transfusion or splenec- 
tomy. Ixss often a more or less permanent 
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remission takes place at blood levels com- 
patible 'with moderate normal activity. 

The number of reports keeps gronang- 
of patients ndth moderately severe anemia 
and marked hematologic abnormalities 
with or without clinical and roentgenologic 
findings who have sur\dved adolescence. 
Mandeville^* described a 15 year old with 
an advanced roentgenologic picture. No 
mention is made of any associated find- 
ings. In 1936, a 24 year old Italian phar- 
macist with pallor, jaundice and spleno- 
megaly who had a normoblastic crisis after 
splenectomy was reported bj”^ Allen and 
Childs." Dalla Volta’s^ patient, aged 30, 
showed considerable excess pigment in his 
organs and large cells suggesting the foam 
cells described by "i^Tiipple and Brad- 
ford. Caminopetros^®” listed 2 adults 
with Mediterranean anemia and Aravan- 
tinos® 3 aged 16, 21 and 22 years. Thal- 
heimer^^ reported a 14 year old male 
whose illness dated from 1 year of age, 
and added a note regarding a 16 year old 
patient mentioned to him by Dr. Benja- 
min Kramer of the Jewish Hospital of 
Brooklyn. Atkinson® followed 2 adult 
siblings of Greek parentage, a brother and 
sister, 17 and 20 years old, with character- 
istic findings, for a period of 12 years. 

A Sicilian youth of 20 with splenomegaly 
and a hypochromic microcjdic anemia 
resistant to therapy was seen by Win- 
trobe;®® since the age of 10 this patient 
had presented a degree of hypochromia 
and poikilocytosis out of all proportion 
to the anemia. Eliel and Bayles®^ de- 
scribed a 39 year old American born Italian 
woman who had a hj'pochromic, micro- 
cytic anemia with splenomegaly, subclini- 
cal jaundice, and blood change character- 
istic of the Alediterranean anemia of 
childhood. Fawdrj-®^ reported an adult 
Greek male on Cyprus, 20 years old, who 
had stunted' growth, cardiac enlargement 
and a mongoloid facies. Smith’s®®® 19 year 
old boy was first described in 1942. He 
had been followed since the age of 4 and 
was last transfused in 1929. A younger 
brother, aged 8; also with Alediterranean 
anemia, is being treated sjmiptomatically 


without transfusion. Van Eavenswaay’s”® 
patient who practised forms of treatment 
quite primitive was 35 years old. The 20 
year old male described by l^oorhies and 
Sloan®® demonstrated a characteristic hem- 
atologic picture, mongoloid facies and ex- 
tensive bony changes. Read’s 36 year 
old male apparently had a mild form of 
Mediterranean anemia. 

Of course, now that the great reservmir 
of mild cases has been discovered, distinc- 
tion must be made between the mild and 
severe, or “minor” and “major” forms 
of the disorder when adult patients are 
being discussed. 

Treatment. There is verj”^ little that 
has been left untried in the treatment of 
Mediterranean anemia. Feeding of vari- 
ous liver and splenic fractions have given 
negative results. Adrenal cortical extract 
has been tried vnthout success. Anterior 
lobe of the pituitary, thymus and bone 
marrow extracts failed to modify the clini- 
cal picture. Vitamin concentrates, raw 
pancreas, predigested beef, and penta- 
nucleotide have proven of little avail.®®® 
No specific corrective or proph 3 dactic 
treatment is known. All therapy must be 
directed toward preventing complications 
and offering s^rmptomatic relief. This 
anemia is almost the only exception to the 
dictum that a hj^pochromic anemia alwaj’s 
responds to iron therapy.^ 

Hunter,"*^ in an attempt to depress the 
hemopoietic organs so that escape of 
immature nucleated erj'throcj'tes into the 
blood stream might be prevented, gave 
Roentgen raj'^ in dosages in excess of the 
optimal. Acute bone marrow depression 
was produced. Aided bj"^ transfusions, the 
platelets and white blood cells returned 
to normal levels. After several weeks, 
the red cell count rose to a higher level 
than had been observed at anj"^ time prior 
to the irradiation. The clinical condition 
also showed improvement. No reports 
of further follow-up studies were published. 
Wang and Khoo®® tried Roentgen ray 
therapj" with 1 of their patients. There 
was a marked depression of all blood ele- 
ments including the platelets. Dailj' irra- 
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diation of the spleen of a 9 month old 
patient by Amesse and Barber^ offered no 
relief and was discontinued when the 
patient became worse. 

Nittis and Spiliopulos,®® noting a simi- 
larity in the blood findings in Mediterra- 
nean anemia and chronic malaria, at- 
tempted intensive antimalarial therapy in 
8 patients having the advanced picture of 
Mediterranean anemia. Seven of the 8 
showed clinical and hematologic improve- 
ment 3 months after therapy. In direct 
contrast, Caminopetros,^®“ observing the 
benefit which occurred in a thalassemic 
patient who developed a coincidental 
malarial infection, inoculated 7 other pa- 
tients with the disease. His results led 
him to state that this therapy was as 
effective as is Roentgen ray therapy in 
leukemia. 

Goldman and Malavazos,^® taking into 
account Whipple and Bradford’s opinion 
that the basis of the pathologic process 
lay in a vitamin or endocrine disturbance, 
tried pregnancy urine and vitamin Be with 
3 patients. All responded with bone mar- 
row hyperplasia of the erythrogenic series, 
and moderate increase in the red cell 
count in the peripheral blood; but as 
treatment was continued beyond 4 weeks 
a fall in the count took place. 

Van Ravenswaay ct aV^ described a 
primitive treatment practised by a 35 year 
old patient in his youth in a small town 
in Greece. (This patient had 3 children 
who died of Mediterranean anemia.) Four 
to 6 folds of skin would be lifted over the 
liver or spleen and each fold would be 
nicked with a knife. Then a tumbler was 
held over this area with a lighted piece of 
cotton placed inside. This consumed the 
oxygen and created a suction. The tum- 
blers were left in place until they loosened 
themselves which was usually when one- 
third full of blood. As many as 4 to 5 tum- 
blers would be used at one time. Native 
children have also been taught to lean 
over a sharp piece of furniture such as 
a table and compress the spleen for as 
long as they could stand the pain. Im- 
provements in breathing would follow. 


and the patients would repeat this pro- 
cedure 6 to 8 times per day. 

Splenectomy is of no great value.^’^’^’^®-®^ 
It is practised only in patients with marked 
weightiness of the organ or mechanical 
obstruction. Very occasionally a tempo- 
rary remission will follow splenectomy. 

Blood transfusions are without perma- 
nent benefit.®^ Nevertheless, periodic 
transfusions should be given to maintain 
blood levels compatible with normal activ- 
ity. Koteen and Brooks^® have set up an 
out-patient transfusion clinic for patients 
with this disorder. Adequate levels of 
hemoglobin and red cells are maintained 
by whole blood transfusions every 2 weeks. 
Transfusion maintains the hemoglobin and 
erythrocytes on low but constant levels. 
When the levels begin to drop more trans- 
fusions are required. Transfusion reac- 
tions though frequent are usually not 
serious. Only with the aid of repeated 
transfusions have children with severe 
Mediterranean anemia lived to and beyond 
adolescence. The 19 year old thalassemic 
described by Smith®®® is an exception. 
Valentine and NeeP®® caution against 
using blood for these patients dra^vn from 
the parents or relatives because: “1. 
Frequently the donor’s blood is signifi- 
cantly hypochromic, so that the hemo- 
globin content per 100 cc. of blood is 
below the desired optimum. 2. More im- 
portant, erythrocytes which have the same 
type of defect inherent in the erythrocytes 
of the recipient, albeit quantitatively less 
severe, are being transfused. There is 
presumptive e\ndence that such cells are 
undergoing more rapid destruction than 
normal erythrocytes, in the body of both 
the carrier, who is tlie donor, and the 
thalassemic recipient. 3. It is undesirable 
to bleed donors whose hemopoietic appa- 
ratus is already overstrained and defective. 
It seems likely that the supportive value 
of such transfusions may be significantly 
reduced. Transfusion from an extraneous 
normal donor or from a proved normal 
relative is a more rational procedure.” 

Conclusions. The observations sum- 
marized in the preceding pages represent 
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a body of information impressively elabo- 
rate when one considers that the disease 
Mediterranean anemia was not recognized 
as an entity until 2 decades ago. Numer- 
ous problems related to it are as poorly 
understood now as when Cooley and Lee 
made their first report. The basic defect 
has an inherited origin, and probably is 
more closely related to red cell than to 
hemoglobin formation (though both seem 
defective in advanced cases), but what is 
its precise nature? The recognition of 
the carrier state represents a major step 
forward, of as great importance to adult 
as to pediatric medicine, yet the mechan- 
ism of genetic transmission has become 
more rather than less obscure as a conse- 
quence of this discovery. Valentine and 


Neel’s estimate of 1 affected carrier per 
25 individuals of Italian origin clamors 
for corroboration. We must have ade- 
quate knowledge regarding heredity in 
order to be able to give eugenic adwce to 
young couples when 1 or both are found 
to carry the trait. Treatment, of course, 
has always been highly unsatisfactory, 
palliative transfusion being the only help- 
ful procedure known. Widespread atten- 
tion should be given to Koteen and 
Brooks’ experience in an out-patient trans- 
fusion clinic. If transfusions can be given 
to active cases in out-patient departments 
at frequent regular inteJ^mls, the rate of 
infections will decrease, the costs to hospi- 
tals will diminish and the children them- 
selves will fare better. 
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Tumors originating in the ovary con- 
tinue to be of great interest to the clinician 
as well as the gynecologic pathologist, 
Judging by the great number of papers 
which have been published in recent years. 
To the clinician, once the diagnosis of an 
ovarian tumor has been made, the chief in- 
terest lies in knowing whether or not it is 
malignant. To the pathologist, however, 
the details of structure, origin and classifica- 
tion carry the study into much finer raihi- 
fications. For those who are interested in 
this highly specialized field of gynecologic 
pathology, the recent collective review of 
Dockerty® will be of great value. YTiile 
the review which is here presented will 
overlap Dockerty’s at some points, it will 
stress the clinical rather than the patho- 
logic aspect. 

Granulosa Cell Tumor. This tumor, 
which produces estrogenic hormone, is 
being more frequently recognized each 
year. In a study of 21 cases Henderson'* 
found that they presented considerable 
variation in gross and microscopic appear- 
ance. The smallest tumor was microscopic 
in size while the largest weighed 24 pounds. 
The moderate sized tumors, as a rule, re- 
vealed areas of interstitial hemorrhage, 
cystic degeneration and necrosis. The 
solid portions were whitish in color and 
of brainlike consistency. Marked friabil- 
ity was a constant feature of those tumors 
which were predominantly of the follicular 
tjrpe. The common clinical evidence of 
hormone activity was uterine bleeding 


alternating with irregular periods of amen- 
orrhea. Amenorrhea of 3 to 4 months 
duration was common while periods as 
long as 2 years were occasionally observed. 
When such long periods of amenorrhea 
occurred during the age period of the 
menopause it was often difficult to deter- 
mine whether the amenorrhea was due to 
a physiologic menopause or to the tumor. 
Endometrial hj'perplasia of the “Swiss- 
cfaeese” type was the common pathologic 
evidence of e-xcessive estrogen secretion. 
During the postmenopausal years, myo- 
metrial hypertrophy frequently accom- 
panied the endometrial hyperplasia while, 
in the 1 case occurring before puberty, 
secondary sex characteristics were preco- 
ciously developed. Evidence of biologic 
activity of the tumor was present in 15 
of the 21 cases. In 10 cases the evidence 
was endometrial hyperplasia and in 5 it 
was a clinical history of irregular uterine 
bleeding. There were 5 cases of uterine 
fibroids as well as 2 cases of carcinoma 
of the endometrium. Until more is known 
about the malignant potentialities of the 
granulosa cell tumor and the effect of 
irradiation on a large number of cases has 
been observed it would seem wise to ad- 
rdse postoperative irradiation in all cases 
in which the tumor occurs at the time 
of, or after, the menopause. Considerable 
variation in the rate of growth of these 
neoplasms was evideftt. One patient was 
observed for 3^ years without any increase 
in size of the neoplasm, while the largest 
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tumor in the series occurred in a patient 
whose only complaint was a rapidly en- 
larging abdomen for 1 year. Another case 
demonstrated marked rapidity of growth 
following the intrauterine application of 
radium for metrorrhagia. 

At the Mayo Clinic, according to Hodg- . 
son, Dockerty and Mussey,^^ between 1910 
and 1944 there were 62 granulosa cell 
tumors removed. This constitutes 1.63% 
of 3800 ovarian tumors encountered dur- 
ing this period. About 60% of these 
tumors were found in women who had 
passed the menopause.- The most com- 
mon clinical symptoms were uterine bleed- 
ing (74% of 62 cases), amenorrhea (22%) 
and abdominal enlargement (29 %). From 
a study of the records it was apparent 
that the tumors that produced these 
symptoms grew slowly and might have 
been present for as long as 35 years. 
Evidence of hyperestrinism is afforded in 
this series by symptoms of precocious 
puberty, amenorrhea and postmenopausal 
bleeding, and is supported by the inci- 
dence of adenomyosis and endometriosis 
(9.6%), which often occurred in post- 
menopausal patients; uterine fibromyomas 
51.6%, uterine hypertrophy 59.6% and 
proliferative endometrium 67 %. Differ- 
entiative (secretory) changes in the endo- 
metrium were correlated in 3 cases with 
luteinization in the granulosa cell tumor. 
Luteinization wdthout tlie expected endo- 
metrial change was observed in 12 addi- 
tional tumors. Thus tlie deduction that 
granulosa cell tumors may produce the 
differentiative hormone, progesterone, is 
suggested. The high incidence (21 %) 
of endometrial carcinoma observed in 38 
postmenopausal patients who had granu- 
losa cell tumor was remarkable. In 3 of 
tlie 8 cases, carcinoma of tlie breast with 
axillary metastasis also developed. This 
plienonienon of coexistent ovarian, endo- 
metrial and mammary carcinoma in tlie 
human being beai'S a marked similarity 
to tlie results of experiments on laboratory 
animals in which estrogen stimulation 
appears to be a factor in carcinogenesis. 
In this group of 62 cases of granulosa cell 


tumor there were 4 definite recurrences 
and 1 possible recurrence. Conservative 
surgical procedures among the postmeno- 
pausal patients accounted for 4 and pos- 
sibly 5 failures to obtain good results. 
Thus 4 recurrences and 3 deaths occurred 
after conservative operations in the post- 
menopausal group. This appreciable inci- 
dence of recurrences among older patients 
indicated that bilateral oophorectomy with 
hysterectomy is advisable for granulosa 
cell tumors affecting women past middle 
life. Less radical procedures, on the other 
hand, seem to be indicated for granulosa 
cell tumor affecting younger women, inas- 
much as no recurrences were noted and 
pregnancy subsequently occurred in 3 cases. 

In regard to the curability of granulosa 
cell tumors, Jones and Te Linde^'* of the 
Department of Gynecology at Johns Hop- 
kins Hospital have found that as these 
tumors become more commonly recog- 
nized, it is apparent that the prognosis is 
more difficult to determine than formerly 
believed. It was at first thought that 
these tumors were benign. As the number 
of case reports multiplied and the follow- 
up studies were available, it became 
evident that the granulosa cell tumor, 
although more benign than most other 
ovarian carcinomijs, nevertheless carried 
Avith it a definite malignancy. The diffi- 
culty in the prognosis of tlie granulosa 
cell tumor is further reflected by the wide 
variation of statements in the literature 
concerning its malignancy. The occur- 
rence of malignancy among the granulosa 
cell tumors is quoted by various authors 
as being as low as 10% and as high as 
55%, witli all intermediate gradations. 
The collection of adequate statistics on 
the malignancy of tlie granulosa cell 
tumor is difficult as tlie incidence of late 
recurrence in tliis tumor group makes 5 
or even 10 year follow-up studies inade- 
quate. This fact has been strikingly 
brought to their attention by tlie recent 
return of 3 patients to the gynecologic 
clinic, all having recurrent granulosa cell 
tumors 15, 16 and 19 years, respectively, 
after their original operation. All 3 pa- 
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tients have died, 18, 20 and 21 years, 
respectively, following the removal of the 
primary tumor, in spite of the fact that 
the tumors were well encapsulated and 
showed no evidence of metastasis or im- 
plantation at the original operation. One 
case recurred in spite of a bilateral sal- 
pingo-oophorectomy and a hysterectomy. 
One case with widespread inoperable ab- 
dominal metastases, responded well to 
deep Roentgen ray therapy over a period 
of 3 years but a subsequent recurrence of 
the growth proved refractory to treat- 
ment. Total urinary estrogen values were 
not extremely high in 2 cases but within 
the range of values for normal cyclic 
women. However, the values were well 
above those usually found for postmeno- 
pausal women, into which age group all 
3 patients fell at the time of recurrence. 
All 3 cases exhibited clinical signs of estro- 
genic activity on recurrence of the tumor. 

Theca Cell Tumors. Although it is 
less than 15 years since theca cell tumors 
of the ovary ha^^e been accurately de- 
scribed, the3’’ have attracted considerable 
attention. In analyzing 23 of these tumors 
Banner and Dockerty^ state that the 
tumor probably arises from certain pluri- 
potentiai mesenchymal cells of the ovarian 
cortex and is related oh the one hand to 
the histologically mature fibroma and on 
the other to the comparativelj'^ dedifferen- 
tiated granulosa cell neoplasm. Contro- 
versy still exists, however, in regard to 
certain clinical, pathologic and phj^sio- 
logic aspects of the tumor and further 
statistical data are necessarj^ to elucidate 
some of these issues. In their series theca 
cell tumor appeared to be relativelj’^ rare. 

It comprised about 3% of the group of 
solid ovarian tumors, was about a third 
as common as granulosa cell tumor, and 
was less than a tenth as common as ova- 
rian fibroma. The average age of patients 
who had theca cell tumors was about 
54 years; 65 % of the patients were 50 years 
of age or older. Extremes of 80 and 26 
3-ears were noted. Theca cell tumors have 
not been reported as occurring prior to 
the age of puberty. Pregnancy had oc- 


curred at least once in 80 % of the patients. 
Irregular -^-aginal bleeding of the post- 
menopausal t3q)e or gross menstrual ir- 
regularities of younger patients existed in 
more than 60% of the reviewed cases. 
The largest tumor measured 12 cm. in its 
greatest diameter and the smallest 3 mm. 
The average diameter was about 6 cm., 
the actual size of the tumor bearing no 
apparent direct relation to the degree of 
clinical “function” as measured by the 
duration or the severity of associated 
menstrual disturbances. The color of the 
tumors varied considerably. The outer 
aspect, usually smooth and often bossel- 
ated, presented tints ranging from brown- 
ish gray or even pearly to a dull orange 
yellow. This latter color was nearly al- 
ways apparent somewhere on cut section 
of the tumor. The consistency was in 
general firm but rubbery rather than 
densely hard and inelastic. Degenerative 
central C3'sts were present in several of 
the larger tumors and these cysts appear- 
ed to arise through chronic infarction and 
edema as a result of twisting of the pedicle 
of the tumor. Residual ovarian tissue 
could be found in the capsules of all but 
the larger neoplasms. A smooth glisten- 
ing capsule invested all but 2 of the 
tumors, and these 2 appeared to be fixed 
b3'' adhesions to neighboring structures. 
These tumors appear to be derived from 
the ovarian mesench3'ma and they are 
closeb’’ related to the granulosa cell group 
of tumors. Occasionally the relation may 
be a histologic one with elements of both 
t3'pes discernible within the same neo- 
plasm. Usuall3', however, both tumors 
present “purity” of t3q5e. The relatively 
high incidence, especial^’’ in postmeno- 
pausal patients, of associated m3'ometrial 
h3'pertroph3'’ and uterine fibrom3’omas, 
combined frequentl3’^ with endometrial 
hy-perplasia and cervical and fundal car- 
cinoma, suggests the production by the 
ovarian tumors of estrogenic hormone. 
Inabilit3' to demonstrate measurable quan- 
tities of this hormone through assa3’s of 
tumor tissue is perhaps not to be regarded 
as conclusive evidence of absence of the 
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hormone. Although the tumors did not 
invariably produce clear-cut clinical symp- 
toms, their presence could often be sus- 
pected by an alteration in the menstrual 
habits of the patient. Postmenopausal 
bleeding from a hypertrophic endome- 
trium was commonly encountered in these 
patients. 

In reporting 4 cases of theca cell tumors 
McGoldrick and Lapp^° have reviewed 
the subject and state that not infrequently 
there are no menstrual abnormalities 
noted. Varying degrees of virilism have 
been reported in 3 instances. Atypical 
bleeding may be cyclie or irregular, scanty 
or profuse. Other changes noted are a 
rejuvenation of atrophic breast tissue, 
recrudescence of libido, and a revitaliza- 
tion of the vaginal mucosa. Physiologi- 
cally, because of the hyperestrinism pro- 
duced by the tumor, the uterus becomes 
enlarged and softened with glandular cys- 
tic or adenomatoid hyperplasia of the 
endometrium. All symptoms abate upon 
extirpation of the tumor. In the pre- 
menopausal group, the periods again recur 
regularly; in the postmenopausal group, 
the bleeding ceases. They state tliat the 
tumor is always unilateral, no bilateral 
theca cell tumors ever having been re- 
ported. Thecoma tends to simulate the 
fibroma of tlie ovary in size, shape and 
consistenc}\ A capsule is commonly pres- 
ent. On cut section, the surface is noted 
to be composed of varying sized islands 
having a diagnostic yellow hue and sepa- 
rated by grayish white fibrous bands. 
Small cystic areas are an inconstant fea- 
ture and result from liquefaction necrosis. 
At tlie most, theca cell tumors are a form 
of low grade ovarian malignancy, hlost 
surgeons feel that treatment need not be 
radical, a simple excision of the ovary 
being sufficient in tlie vast majority of 
cases. Theca cells arc considered to be 
radioresistant, so that radiation therapy 
is generally considered to be of little or 
no value except for the diminution of 
tlie size of the tumor by the elTect of 
Roentgen ray on the fibrous tissue stromal 
elements. 


Akbhenoblastoma. While the granu- 
losa cell and theca cell tumors may be 
called feminizing tumors because they 
secrete female sex hormones, the arrheno- 
blastoma is a masculinizing tumor and is 
a much rarer tumor than the others. In 
presenting a case of this type Kanter and 
Klawans^® state that when virilism exists 
in the female, several conditions must be 
considered in differential diagnosis since 
adrenal and pituitary disease can both 
cause the condition. Cushing’s syndrome, 
basophilic adenoma of the pituitary, is 
characterized by hypertrichosis and amen- 
orrhea but no hypertrophy of the clitoris 
or larynx and no ovarian tumor. On the 
other hand, there are hypertension, glyco- 
suria, obesity of face, neck and trunk, 
acrocyanosis and interference with visual 
fields. The adrenogenital syndrome may 
be quite difficult to differentiate from 
arrhenoblastoma since most of the symp- 
toms of one are present in the other. 
The presence of an ovarian tumor would 
point to arrhenoblastoma but the tumor 
may be so small that it cannot be palpated. 
The adrenal may be visualized by Roent- 
gen ray after perirenal air insufflation, 
but here also the tumor may be too small 
to be visualized. Careful blood and urine 
studies may give a clue to the diagnosis. 
Adrenal tumors are associated with hj'per- 
tension, a decrease in serum sodium and 
in increase in serum potassium. The urin- 
ary sodium is increased to 3 times normal 
and the potassium in urine is decreased. 

In a study of 70 cases collected from 
tlie literature, which were all the cases 
available up to the time of their report, 
Krock and Wolfermaffi' have gleaned 
several interesting observations. The con- 
clusions of investigators on sex reversal, 
that the right ovary exhiiiits testicular 
transformation more often than the left 
in animals, is not borne out in the human, 
since the tumor was found on the left 
side in 31 cases, and in 2 it was stated as 
occurring on both sides. It is also to be 
noted that the histologic pictures, as re- 
ported, lack the necessary degree of uni- 
formity to lie convincing that this unusual 
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tumor is a distinct pathologic entity. 
Alteration of secondary characteristics in 
the female is not limited to one particular 
group of OAwian tumors. There are many 
reports of masculinizing ovarian tumors 
in which histologic examination has failed 
to disclose the presence of testicular ele- 
ments, In other words, we have, on one 
hand, the so-called "arrhenoblastoma” 
with a variable picture of masculinization 
clinically but with what apparently are 
testicular elements histologically, and, on 
the other hand, a number of different 
types of ovarian neoplasms in which the 
predominant tissue is other than testicular, 
but with clinical virilism. The one thing 
common to 2 such widely divergent 
pictures is the presence of tridermal tissue 
elements, which can be demonstrated by 
routine studies in approximately one-third 
of the cases. To create a new pathologic 
entity, based upon the predominant tissue 
present, as has been done with arrheno- 
blastomata, would lead to hopeless confu- 
sion. In the final analysis, our present 
knowledge is still deficient concerning the 
exact origin of all the factors controlling 
the development of secondary se.xual char- 
acteristics. Upon this basis, it is their 
plea that all masculinizing ovarian tumors 
be classified as teratomata with a one- 
sided development, be such development 
testicular elements (either in the form of 
interstitial cells or seminiferous tubules), 
adrenal cortical remnants, or even other 
tissues or their anlagen whose roles at 
present under normal conditions, in the 
development of the secondar^^ sexual char- 
acteristics of the individual, are not fully 
understood. Or we may retain the term 
“arrhenoblastoma” to indicate such a 
"clinicopathologic” condition, rather than 
regard it as representing one constant 
pathologic entity to be pigeon-holed thus 
by any pathologist inspecting the tissue 
microscopically. 

A most interesting and unusual case of 
arrhenoblastoma, complicating pregnancy, 
probably the first instance of its hind has 
been reported by Brentnall.^ The reason 
for the extreme rarity of the 2 conditions 


in the same patient is that once a tumor 
has produced its first symptoms, amenor- 
rhea, the woman is sterile but usually 
several months must pass before the sjunp- 
toms of virilism appear. There is, ^ere- 
fore, only a very short period during which 
pregnancy and virilism can synchronize. 
This patient was delivered by Cesarean 
operation and it is of interest to note that 
the child was normal except for the exter- 
nal genital organs which were those of a 
pseudohermaphrodite. 

The term gynandroblastoma was first 
used by Eobert Meyer in 1930 in a case 
of arrhenoblastoma which had in part a 
histologic similarity to granulosa cell 
tumor and was accompanied by uterine 
hypertrophy. He suggested that ovarian 
tumors may arise from indifferent elements 
which become morphologically and func- 
tionally hermaphroditic so that they may 
cause both hj'pertropby of the uterus and 
masculinization. In reporting a case of 
their own and after reviewing the litera- 
ture, Mechler and Black^* state that ova- 
rian tumors exist in w’hich there is altera- 
tion of the secondary sexual characters of 
the bearer in the male direction, presum- 
ably’^ as a result of the androgenic hormone 
liberated by the tumor; but at the same 
time til ere is a continuation of cyclic men- 
strual bleeding, ■with indications of hyper- 
estrinism. Such cases differ from granulosa 
cell tumors both biologically and histo- 
logically. There is no constant cell pat- 
tern in these cases, and they appear to 
represent combinations of granulosa cell 
tumors and arrhenoblastomas. The pres- 
ence of tubular structures lined by cylin- 
drical, mucus-secreting epithelium has 
been noted. Interstitial cells carry’ing 
lipoids, resembling the testicular Leydig 
cells, are common to both gymandroblas- 
tomas and arrhenoblastomas. There is 
presumptive evidence tliat these cells are 
the source of the androgenic hormone. 
The question of antagonism between the 
androgenic and estrogenic hormones m 
gjmandroblastomas is complex. Andro- 
genic hormones are capable of inhibiting 
menstruation in the normal woman, theo- 
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retically by inhibiting the gonadotrophic 
factor of the hypophysis, thereby prevent- 
ing ovarian formation of estrin. This does 
not apply in case of the tumor, necessarily, 
as the tumor cells may be able to produce 
estrin independently of hypophyseal fac- 
tors. Therefore, hyperestrinism and viril- 
ism may coexist in the same person. The 
term gynandroblastoma may be usefully 
applied to describe a clinical-pathologic 
syndrome, but there is no constant ac- 
companying histologic pattern. The ova- 
rian tumor concerned has epithelium-lined 
tubules and interstitial cell groups in com- 
mon with arrhenoblastoma. The impres- 
sion is gained that combinations of the 
granulosa cell tumor with arrhenoblastoma 
do occur but that one element or the other 
usually predominates to the extent that 
the double biologic effect is lacking. It 
is suggested also that the gynandroblas- 
tomas are teratomatous. ' 

Dysgerminoma. In contrast to the pre- 
vious tumors which we have considered, the 
dysgerminoma elaborates no sex hor- 
mones and is tlie tumor most frequently 
associated with pseudohermaphrodites and 
women witli poorly developed genitalia. 
In presenting a case of this type, Long, 
Ziskind and Storck^® comment that while 
a large pelvic tumor in a pseudohermaph- 
rodite or in a female with infantile geni- 
talia suggests dysgerminoma, the diagnosis 
is not so easily made in those women who 
have normal secondary sex characteristics. 
Aside from symptoms referable to a dis- 
turbance of hormonal balance, the com- 
plaints and findings are usually those due 
to a large and rapidly growing pelvic 
tumor. Changes in the menstrual period, 
abdominal pain and enlargement are tlie 
common complaints. The tumor, as a 
rule, enlarges rapidly, attaining a size 
sufficient to fill the lower abdomen in 3 
to 6 months. Degeneration of tlie fast 
growing mass frequently occurs and is 
sometimes responsible for fever, night- 
sweats and leukocytosis up to 20,000 cells 
per c.mm. Other more infrequent symp- 
toms, some of whicli are due to pressure, 
others to malignant axtension, are renal 


colic, urinary frequency, respiratory em- 
barrassment, diarrhea, vomiting, ascites, 
anemia and loss of weight. The tumor is 
one of childhood and young adulthood, 
frequently having its onset early in pu- 
berty. In this characteristic it varies 
widely from its homolbgue, the testicular 
seminoma, which rarely is found before 
the 30th year. The diagnosis rests largely 
upon a consideration of the duration of 
symptoms, tlie age of the patient, state 
of sexual development, and the presence 
of a rapidly growing pelvic neoplasm. 
Palpation of the abdomen and pelvic ex- 
amination reveal a hard, elastic mass with 
an irregular, nodular surface. Occasion- 
ally the Roentgen ray may be able to dif- 
ferentiate between a teratoma or dermoid 
cyst from a dysgerminoma by demonstrat- 
ing the presence of calcium in the tumor. 
Opinions .as to the incidence of malignancy 
in dysgerminomas vary. As yet there 
are such few cases on record and eacli 
ivriter’s experience is so small that no 
clear conception of the degree of malig- 
nancy has been gained. The pathologist 
is able to add little to the problem’s solu- 
tion, for histologically all dysgerminomas 
display malignant features, and there ap- 
pears to be no constant relation between 
these and the degree of malignancy. At 
present the most valuable criteria of the 
malignancy of individual tumors are clini- 
cal. If at operation a unilateral tumor is 
found which has no obvious e.xtension, as 
indicated by the absence of infiltration of 
adjacent structures and regional lymph 
node involvement, it may be regarded as 
benign until proved otherwise by the clini- 
cal course. Infiltration of the broad liga- 
ment, uterus, opposite ovary, rectum and 
bladder, and lymphatic spread to the retro- 
peritoneal lymph nodes occur in a definite 
proportion of cases, but metastases to dis- 
tant organs are rare. The importance of 
accuracy in estimating the degree of clini- 
cal malignancy at the time of the opera- 
tion is self-evident when the occurrence of 
dysgerminomas in young individuals i.s 
placed in relation to the effective metliods 
of treatment of the malignant phase, riz.. 
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radical surgery and deep Roentgen ray 
therapy. The price paid by the patient 
for this form of treatment is removal or 
destruction of both ovaries. While this 
fate is of little concern to the pseudo- 
hermaphrodite or to the patient with 
marked hypogonadism, it is undesired by 
the young girl who has not yet developed 
secondar 3 ^ sex characteristics and by the 
young woman who desires to bear chil- 
dren. Simple extirpation has come to be 
considered good judgment on the part 
of the surgeon who finds at operation 
a solid, non-adherent, ovarian tumor. 
Should gross and histologic study prove 
the mass to be a dj'sgerminoma, frequent 
follow-up examinations should be made 
in an effort to discover early any possible 
recurrence of the neoplasm, which when 
found should then be treated b 3 ’’ irradia- 
tion. If, on the other hand, there is 
present at operation evidence of local ex- 
tension, a more radical surgical procedure 
should be adopted and followed after 
operation bj' deep Roentgen raj' therapy. 
In inoperable cases, thorough irradiation 
alone remains tlie treatment of choice. 
Those patients whose advanced dysgermi- 
nomas are attacked earl^’’ are offered an 
excellent prognosis. The cut section pre- 
sents a homogeneous, friable, glistening, 
brainlike surface through which run scanty 
fibrous septa. Areas of yellowish discol- 
oration indicate lipoid degeneration, and 
frequently this has progressed to the stage 
of frank necrosis with the formation of 
broad zones of necrotic tissue and hemor- 
rhagic cysts of varying size. The micro- 
scopic appearance of sections of dj-^sgermi- 
noma is one of the most characteristic 
found among solid ovarian tumors. The 
tumor cells are large and round with hy- 
perchromatic centrallj’ placed nuclei con- 
taining large nucleoli, and a narrow lightly 
granular endoplasm. Frequent mitotic 
figures appear. The cells are loosety ar- 
ranged in column or islands, frequently 
described as alveolar, separated by varj'- 
ing amounts of loose, edematous, poorly 
r-ascularized connective tissue. Degenera- 
tive changes and hemorrhages are com- 


mon. The connective tissue nearty ahvaj's 
is diffusely infiltrated with -tymphocj-tes, 
and these with the presence of small epithe- 
lioid cells and large giant cells create a 
picture simulating tuberculosis. 

Brenner Tumor. This is anotlier of 
the rare ovarian tumors which is usualh' 
unilateral. In reporting a case of bilateral 
Brenner tumors Johnson and Dockerty*^ 
remind us that the Brenner tumor com- 
prises 2% of solid ovarian tumors, which 
in turn comprise only 20% of all ovarian 
tumors. Brenner tumors maj"^ be divided 
into 2 groups, namely, (1) a completely 
solid tumor (70 %) and (2) a solid tumor 
in the wall of a c^'st, usually a pseudo- 
mucinous ej’^stadenoma (30%). Brenner 
tumors vary in size from a microscopic 
nodule to a huge growth almost filling the 
abdominal cavity. Small tumors cause 
no symptoms, being discovered at necrop- 
sy. The majority of Brenner tumors are 
found after the menopause. Thej" never 
occur before the onset of puberty. In 
their series of 20 cases, the ages of the 
patient varied from 34 to 75 years. 
Although uterine bleeding has been pres- 
ent in a number of reported cases, there 
is no proof that this bleeding is on a hor- 
monal basis. The most common com- 
plaint is of an abdominal tumor. In all 
cases reported in the literature the 
tumor was benign, but these growths fre- 
quentty are associated with other neo- 
plasms of the genital tract, hlacroscopi- 
calty, Brenner tumors resemble ovarian 
fibromas, being whitish in color, dense 
and hard. Microscopicallj% the picture 
is uniform. There are islands of squa- 
mous-like epithelial cells in a dense stroma 
of fibrous tissue. The peripheral rows 
of these cells frequentlj' are arranged in 
palisades. Some of the islands are cystic 
with an inner lining of columnar, mucus- 
producing cells. Mitotic figures are not 
observed. These tumors are to be distin- 
guished from granulosa cell tumor and 
from metastatic squamous cell epitheli- 
oma. In any solid ovarian tumor, esp^ 
cialty of the bilateral variety, the possi- 
bility of Krukenberg’s tumor should he 
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kept in mind and exploration of tlie upper 
part of the abdomen should be undertaken. 
Johnson and Dockerty state that there are 
3 fairly plausible hypotheses of origin. 
The first is that of Robert Meyer who 
reported that Brenner tumors had been 
derived from Walthard’s cell rests which 
frequently are found in the cortical and 
medullary zones of normal ovaries. These 
rests undergo metaplasia to form Brenner 
tumors. However, these rests often are 
found in the mesosalpinx and underneath 
the serosa of the fallopian tubes, locations 
in which Brenner tumors never are en- 
countered. The second hypothesis is that 
of Schiller who noted a close resemblance 
between certain glands of the posterior 
urethra and the epithelial elements of 
Brenner tumor. He believed tliat Bren- 
ner tumors arose through a dislocation of 
similar cells from tlie primitive wolffian 
duct. However, although the urinary and 
the genital anlagen develop in close prox- 
imity to each other, direct connection has 
rarely been proved to exist within the 
ovary. Tlie third hypothesis, namely, 
that the teratomatous origin, is based on 
the fact that about a third of Brenner 
tumors occur in the walls of mucinous 
cysts of the ovary. In a few cases there 
has been uterine bleeding at irregular 
intervals but the tumor is not known to 
produce any hormones which could be 
held accountable for this symptom. In 
5 eases reported in tlie literature, a Bren- 
ner tumor complicated pregnancy. Asci- 
tes is produced occasionally. In 1 case 
hydrotliorax completed the picture of 
Meigs’ syndrome. One should never for- 
get tliat certain benign ovarian tumors 
can imitate malignancy in this way. A 
surgical diagnosis on macroscopic exam- 
ination of the specimen is rarely possible, 
but tlie general gross characteristics of 
Brenner tumor are tliose of a benign neo- 
plasm. Microscopically, the chief danger 
is in mistaking Brenner tumor for primary 
or metastatic epithelioma. The predomi- 
nantly fibrous nature of tlie growtli, tlie 
complete absence of mitosis and the pecu- 
liar combinations of islands of squamous 


cells showing central transitions to colum- 
nar elements are the salient points of 
diagnosis. 

In discussing the histogenesis of these 
tumors Danforth® believes that most 
authorities agree that they have as their 
anlagen the cell rests described by Wal- 
thard. In addition, the occasional finding 
of Brenner tumors in the walls of pseudo- 
mucinous cystadenomas of the ovary, and 
the more frequent finding of pseudomucin- 
ous epithelium in Brenner tumors and 
Walthard rests, have been cited as indica- 
tions that at least a portion of the pseudo- 
mucinous cystadenomas may have their 
origin in Brenner tumors. If these infer- 
ences are true, one might expect to find 
certain cytologic as well as architectural 
features common to all 3 structures. The 
Walthard rest is a small collection of cells 
which may be found in the cortex or hilus 
of the ovary, or beneath the serosa or 
within the mesosalpinx of the fallopian 
tube. The rests are of 2 types, the solid 
and the cystic. In the cystic tjpe the 
central portion of the rest is occupied by 
a clear space which is said to contain 
mucin or pseudomucin, colloid, or mixed 
material. The cystic cavity is ordinarily 
lined by from 1 to 10 or more layers of 
cells. The origin of tlie Walthard rests is 
obscure. They are stated variously to 
arise from the celomic epithelium of the 
developing embryo, from an inflammatory 
reaction of the peritoneum, from the germ- 
inal epithelium and from numerous other 
structures. The first named is probablj* 
most widely accepted. With an oil im- 
mersion lens, the most striking feature of 
the cells is the nucleus, which is not 
simply round or ovoid, as it has been de- 
scribed, but in addition is seen to bemarked 
or “tagged” in a specific manner. This 
marking consists of a tiny groove or fold 
which traverses tlie long axis of the nucleus 
in such a manner as to remind one of a 
coffee bean, or a kernel of puffed wheat. 
In many of the rests tliis characteristic 
marking is present in approximately 9 of 
10 nuclei, being evident as a straight, bold 
line tlirough the long axis, dividing tlie 
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nucleus into 2 almost equal halves. As 
nearly as can be ascertained, this basic 
pattern is characteristic of one of the flat 
surfaces of a healthy, non-degenerate nu- 
cleus. In these instances tlie nuclear 
material is seen to be very finely granular 
and to contain, generally, 1 or 2 nucleoli. 
When 2 nucleoli are present 1 usually ap- 
pears upon either side of the dividing 
groove. Walthard rests and Brenner 
tumors bear a strong resemblance to one 
another, not only in intrinsic architecture, 
but also, and more especially, in nuclear 
detail. The basic nuclear type of each 
is readily identifiable by the presence of 
a median groove or fold. The deviations 
from this basic type are described. This 
nuclear peculiarity is sufficiently constant 
to be regarded as a fundamental charac- 
teristic of both the Walthard rest and 
the Brenner tumor. Furthermore, its pres- 
ence in structures appears to strengthen 
the hypothesis that they may be derived 
from the same tissue. The presence of 
the basic nuclear type in many pseudo- 
mucinous cystadenomas is of interest in 
considering the possibility that a small 
proportion of these tumors may be deriv- 
ed from Brenner cell rests. 

Adrenal Rest Tumor. This rare tjqie 
of tumor is frequently but not always 
associated with masculinization. Greene 
and Lapp® call attention to the fact that 
embryologicallj'’ the ovaries, testes and 
adrenal cortex have a common origin, 
being derived from the celomic epithelium 
of the urogenital fold. This urogenital fold 
in later embryonic life divides to form the 
adrenal cortex and the gonads. It is not 
without possibility, therefore, that mis- 
placement of the cells occasionally occurs 
in the ovary from the neighboring adrenal 
anlage. The mere presence of adrenal tis- 
sue in an aberrant site does not necessarily 
mean that the clinical signs of masculin- 
ization will always be present. The ten- 
dency for aberrant adrenal tissue to 
become neoplastic cannot be doubted, 
however. From the recorded cases, no 
correlation appears to exist between the 
age of the patient and the occurrence of 


the tumor. The tumor has been observed 
at various ages from 3 to 65. The tumor 
is generally unilateral, varying in size from 
several millimeters to 3 or 4 cm., occa- 
sionally slightly larger. It is most often 
noted' in the hilar region of the ovary, 
although it ma 5 '- involve the whole ovary 
by contiguity. It is a solid tumor, often 
encapsulated, rarely becoming cystic, oc- 
casionally showing small areas of hem- 
orrhage and necrosis on cut surface. The 
external surface is usually smooth. The 
tumor is generally of soft consistency, and 
has a characteristic yellow color, resem- 
bling closely its analogue, the adrenal. It 
is probable that most of these tumors are 
benign, as is true of comparable lesions of 
the adrenal. Excision of the tumor fre- 
quently produces moderate to complete 
regression of all signs and symptoms. The 
voice changes, however, usualb' are per- 
manent. If the hirsutism does not dis- 
appear postoperatively, the presence of 
additional adrenal cortical tissue in other 
aberrant locations is a possibility. It is 
interesting to note the sex hormone pro- 
duced by the adrenal rest cell produces 
sex characteristics and changes not of the 
same but of the opposite sex. In the 
male, the adrenal rest tumor is known to 
produce a female tjq^e of adiposity, breast 
hj^jertrophy, at times with lactation, 
testicular atrophy and loss of libido. 

In reviewing 1 case of their owm and 

13 cases of this tjpe reported in the litera- 
ture, Kepler, Dockerty and Priestley'® 
found that hirsutism was present in a!! 

14 cases and varied in duration from 9 
months to 13 years. A masculine pattern 
of distribution of hair usually was noted- 
This was emphasized in 4 instances by an 
observed recession of the hairline along 
the forehead, with the notation that the 
patients w^ere partially bald. In 10 of 
the 14 cases the habitus was described as 
being of masculine type with pronounced 
development of the muscles of the shoulder 
girdle. In 8 of the 14 cases there was a 
definite and sometimes pronounced gam 
in body weight. IMoreover, in the major- 
ity of the observed instances the obesity 
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was more or less localized to the face, 
cervical region and pectoral girdle. Blood 
pressure readings were recorded in 6 of 
the 12 cases that were reported more 
recently. In 4 of these cases, hyperten- 
sion was present with systolic pressures 
in excess of 140 mm. or diastolic pressures 
of more than 90 mm. of mercury. In the 
case they reported, postoperative readings 
of the arterial blood pressure indicated 
a moderate drop in both systolic and dias- 
tolic pressures from distinctly high pre- 
operative levels. This finding indicates 
that in some way the ovarian tumor was 
responsible for the observed arterial hyper- 
tension. Diabetes or a diabetic tendency 
was of relatively frequent occurrence. 
Hematologic observations suggesting poly- 
cythemia "vera were unusually common in 
this group. Size has varied from nodules 
of microscopic dimensions to masses meas- 
uring 16 X 14 X 9 cm. The tumors were 
for the most part yellowish in color and 
encapsulation was the rule in practically 
all recorded instances. Microscopically, 
the tumors were composed of large, pale, 
polyhedral, epithelial-like cells disposed in 
cords and anastomosing strands. Large 
amounts of intracellular lipoid material 
were noted in nearly all cases and intercell- 
ular glycogen was occasionally found to be 
present. Like arrhenoblastomas, the adre- 
nal-like ovarian tumors tend to masculin- 
ize their hosts but the tendency toward the 
production of a bizarre tj'pe of fat distribu- 
tion, the occurrence of purplish strias, 
arterial hypertension, polycytliemia, etc., 
relate them more closely to adrenal corti- 
cal carcinomas from a functioning stand- 
point. Histologically, the tumors do not 
appear to arise through luteinization of 
pree.xisting granulosa cell neoplasms and 
an origin from adrenal cortical rests seems 
more logical than does a derivation from 
corpora lutea. An origin by way of terato- 
matous development likewise remains un- 
proved. Some of the tumors appear to 
be cytologically malignant and in 1 in- 
stance dcatJi resulted from metastasis. 

STRUiL\ Ovxnu. The presence of tliy- 
roid tissue in an ovarian tumor is not 


common. Gusberg and Danforth^® have 
found only 8 cases over a 20 year period 
at the Sloane Hospital, representing 2.7 % 
of 297 ovarian teratomata of all types. 
Of the 8 cases which they report, 7 pre- 
sented the usual array of clinical symp- 
toms and signs which ordinarily accom- 
pany benign ovarian tumors; intermittent 
abdominal pain, painless pelvic or abdom- 
inal masses, and, in 1 instance, acute 
abdominal pain due to torsion of tlie 
pedicle. In these cases, the presence of 
thyroid tissue is of pathologic interest only. 
The cystic tumors were generally multi- 
locular, and 3 of the 7 contained epider- 
moid elements characteristic of the ordi- 
nary dermoid cyst. Microscopically, none 
of these cases showed evidence of hj^per- 
plastic changes in the thyroid tissue. The 
eighth case, however, presented a symp- 
tom complex of an unusual nature, the 
diagnostic and therapeutic implications of 
which are deemed significant. In tliis 
case a huge struma colli, a large struma 
ovarii and evident thyrotoxicosis were 
coexistent. It is unfortunate that the 
possibility of ovarian struma was not con- 
sidered and the preliminary work-up car- 
ried out with this in mind. That struma 
ovarii is capable of producing or at least 
contributing to thyrotoxicosis, is estab- 
lished. It is this ability which di.stin- 
guished the ovarian struma among all 
ovarian neoplasms, and removed it from 
tlie category of the simple pathologic curi- 
osity. It should be emphasized that cases 
of functioning ovarian struma may easily 
escape diagnosis, either through failure 
to appreciate mild h\'perth 3 Toid s^'mp- 
toms, or tlu-ough chance avoidance of 
tlijTOid tissue in the sectioning of large 
ovarian teratomata. It is of interest 
that in most of the cases in which such 
data are available, the ovarian sections 
have failed to show the presumed micro- 
scopic stigmata of Inperth^Toidism, de- 
spite amelioration of s\-mptoms b.v removal 
of tlie tumor. It would appear reasonable 
to consider tlie ovarian struma as a func- 
tioning part of tlie total tluToid tissue of 
tlie bod\*, which may react to iodine lack. 
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to the thyrotropic hormone, or to other 
stimuli in a manner similar to that of the 
th 3 Toid gland itself. If this hypothesis is 
tenable, one might then consider the re- 
moval of an ovarian struma as tantamount 
to subtotal ablation of the thyroid gland. 

Teeatojia. In reporting 1 of these 
interesting tumors, Curtis^ states that, 
although encountered in other organs and 
tissues of the bodj^, teratoma is predomi- 
nantlj'- an ovarian tumor and it is here 
that it is found in most developed and 
characteristic form. It is usually a com- 
pact, solid, rapidly growing neoplasm 
composed of tissues which are frequently 
wholly undifferentiated, corresponding to 
various stages of fetal development and 
revealing only isolated tendency to more 
completely developed organ-like forma- 
tion. The material entering into the struc- 
ture of dermoids and teratoma is the same, 
all 3 germinal layers represented in both; 
the differences lie apparently in the tissue 
of origin and in the fact that dermoids 
are comprised of mature tissues whereas 
a teratoma consists of embryonal elements. 
The great characteristic of teratoma is the 
loss of proportion in its structure. , There 
is topographic confusion. Opinions differ 
in judgment of the malignancj’’ of terat- 
oma; it is a growth characterized by 
capacity for great proliferation, not as- 
cribable to carcinomatous or sarcomatous 
degeneration but an inherent property of 
the cells which constitute it. Therefore, 
it is to be regarded as potentially malig- 
nant in all cases, rmquestionably malignant 
in most instances. The tumor is usually 
nodular or lobulated, often with project- 
ing cj'sts, of astonishinglj^ large size for 
so malignant a neoplasm (due to rapid 
growth?), often the size of a man’s head. 

It may be spherical, ovoid or of ovarian 
shape, is usually pedunculated, of varied 
color—graj’-, j-ellow, red, blue, brown. 
The consistenc.v is usuallj' soft, but many 
are firm. A capsule is usually' present 
but ma 3 ' not be clearlj' defined. Perfora- 
tion of the capsule is frequent, but by no 
means usual. Microscopicallj', the pic- 
ture is that of chaos. The tissues are 


mostly fetal in character, but not entirely 
and invariably so. It is characteristic for 
well-differentiated tissues to lie immedi- 
ately adjacent to lawless and wild areas 
of potentially or definitely malignant ep- 
ithelial, endothelial, or sarcomatous pat- 
tern. Teratoma is a tiunor of childhood and 
early maturity, mostly before the age of 35. 
Not more than 5 recorded cases have been 
found after the menopause. The etiology 
remains unsolved. The growth must be 
derived from a cell that can produce all 
3 embrjmnic lajmrs. Only 2 theories of 
origin are prevalent: that isolated blasto- 
meres are the source of these trigerminal 
growths or that they arise from primitive 
unfertilized ova. 

In presenting 32 collected cases, in 
which the outcome is known, including 
2 cases of his ovm, Smeltzer^ found that 
21 (65%) are dead while the other 35% 
have survived from 1 to 10 years. It 
W'as noted that the tumors were practi- 
cally alwaj's pedunculated and the surgical 
treatment carried out was simple excision 
of the pedunculated tumor or adne.xa on 
that side. The high rate of recurrence of 
tmnor and death indicates that a more 
extensive surgical procedure is indicated. 
These tumors are usually "well encapsu- 
lated. There is ordinarily a well-formed 
pedicle; seldom is there any more than 
very fine adhesions to the surrounding 
organs. The findings of e.xtension or gross 
metastasis is rare at the time of the first 
operation. To all appearances when the 
abdomen is first opened the operator is 
dealing with a benign tumor, or at least 
one of very low malignancy. These ob- 
servations, added to the fact that the 
patient is j'oung, make it very difficult to 
proceed with radical surgerj’. The pedun- 
culated tumor recurs at the site of the 
original lesion. Later it spreads from this 
area by extension as well as metastasis. 
However, metastasis seems to be a late 
manifestation. This observation further 
emphasizes the need for wider e.xcision at 
the time of removal of the primary growth- 
The effect of Roentgen ray therapj* upon 
this type of tumor is debatable. These 
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cases should be given Roentgen ray in 
therapeutic amounts immediately after 
the primary operation. How effective 
Roentgen ray will be in preventing a re- 
currence he does not know but he does 
not believe it is beneficial after recurrences 
are present. He believes that more em- 
phasis should be placed upon a wider 
excision of the original growth. This 
means removal of all the pelvic viscera 
as widely as the operator’s experience 
allows him to dissect. The operation 
should then be followed by Roentgen ray 
in the amount compatible witli the pa- 
tient’s age and size. Girls with teratoma 
should be treated in a manner similar to 
adult women with carcinoma of the ovary. 

Carcinoma. All are agreed that one 
of the most effective weapons we have 
against any cancer is prevention or at 
least early detection and removal. Ova- 
rian cancer is notoriously “silent” in its 
early stages and we all have had the ex- 
perience of Crossen® who states that pa- 
tient after patient is seen with an extensive 
growth of long duration but with only a 
short period of local symptoms. The first 
visit to the physician shows a large advanc- 
ing carcinoma causing only such minor 
disturbances that the patient hardly 
notices them. Thinking back, when ques- 
tioned, she recalls that the abdomen has 
been a little larger for a year or so or that 
there was bloating or some frequency of 
urination, but only in the last few weeks 
was there enough disturbance to make 
her feel that perhaps an examination was 
advisable. He believes the greatest con- 
tribution tlie physician can make toward 
the lessening of these fatalities is the 
practical application in his daily work of 
2 rules: (1) removal of the involuting 
ovaries whenever the abdomen is opened 
at any age and under circumstances which 
permit such removal; (2) insistence on 
regular periodic pelvic e.\amination of 
patients who ask us to assume responsi- 
bility in regard to tlieir health. The meno- 
pause (complete cessation of menstruation) 
occurs usually between the ages of 44 and 
47, with exceptions somewhat below and 


above these limits. The climacteric (grad- 
ual involution of the ovaries) begins 2 or 
3 years before the menopause and extends 
some years after it. Though there is con- 
siderable individual variation as to age 
of onset of ovarian involution, a reason- 
able rule would be to apply this safety 
measure in all abdominal operations when 
the patient has reached the neighborhood 
of the age of 42. The involuting ovaries 
have fulfilled their reproductive and endo- 
crine functions. They are no longer an 
important part of the economy but vestig- 
ial structures which carry a special ten- 
dency toward cancer — and toward a par- 
ticularly dangerous form of cancer, in 
that it develops to an incurable stage 
without warning symptoms. The realiza- 
tion of the necessity of adopting tliis safety 
measure has been obscured and delayed 
by the various arguments for retention of 
an ovary. In the first place, there is the 
excellent surgical rule to do no more 
operating than necessary— to remove no 
structure without a definite reason of 
sufficient importance to justify the addi- 
tional operative risk and any probable 
upset in physiology. Again, the great 
importance of tlie ovaries during the span 
of their physiologic activity projects about 
them a halo which tends to obscure the 
fact that they are only temporary organs 
that cease to function after a certain 
period. Again, there is the desire to les- 
sen the hot flushes and other disturbances 
of ovarian cessation by preserving ovarian 
tissue even though it is functioning only 
partially. Still again tliere is the natural 
desire of the patient tliat an ovary be 
saved if practicable. These are all valid 
arguments and have long influenced deci- 
sions, but through careful observation and 
bitter experiences he has come to realize 
tliat the danger of cancer development in 
the involuting ovary outweighs all these 
arguments for leaving an ovary in an 
abdominal operation in the age of involu- 
tion. In the period from 40 to 60 years 
of age pelvic examination is advisable 
every 6 months instead of once yearly, as 
may suffice before and after tliat period. 
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Symptomless onset and sjTnptomless pro- 
gress to incurability constitute the natural 
history of ovarian carcinoma. Earlier dis- 
covery is due to some incidental associated 
condition or to a pelvic check-up examina- 
tion. The aggregate of deaths from this 
cause is large, much larger than is gener- 
ally appreciated. To the known cases 
must be added the unrecognized ones with 
death certificate designations of “ascites” 
and “abdominal cancer.” A large propor- 
tion of the cases of general abdominal 
carcinosis originate in an ovary. The 
silent character of the onset and progress 
of ovarian cancer seals the doom of pa- 
tients with this condition unless measures 
that are really effective against the serious 
difficulties of the situation are put into 
practice. 

In reviewing the end-results in a series 
of 138 patients with ovarian carcinoma 
operated upon at Roosevelt Hospital in 
New York, Taylor and Greeley^® found 
an "absolute” 5 year cure rate of 15.2%, 
when all cases are considered and the lost 
cases are counted as dead. It is well 
recognized that the gross e.xtent of the 
ovarian carcinoma at the time the opera- 
tion is undertaken is the most important 
single consideration in prognosis. If one 
defines an operable case as one in which 
all cancer was apparently removed, the 
operability of this series w'as 31%. The 
known cures in this operable group were 
45.5%, while if the many cases untraced 
for the necessary 5 years, but free of 
disease when last seen, be e.xcluded, the 
5 year cure rate in tlie operable group be- 
comes 5S.S %. The other side of the pic- 
ture is as gloomy as this is encouraging, 
for of the 94 cases in which malignant 
tissue was left behind at the conclusion 
of the operation or which was recurrent, 
only 2 have sur^'i^-ed tlie 5 year period. 
The cancers of the ovary are distinguished 
by the diversity of their cells of origin, 
and e\ndence has been presented in the 
literature to show that certain of the 
speeial tj-pes, such as tlie granulosa cell 
tumors and dysgerminomas, have a rela- 
tively favorable prognosis. The grade of 


malignancy in ovarian cancer is of enor- 
mous prognostic significance. The classi- 
fication of 88 cases of ovarian adenocarci- 
noma indicates only 2 cures among 52 
undifferentiated tj'pes, whereas among 35 
so-called Grade 1 cases there were 12 cures. 
In a series of cystadenomas and adeno- 
carcinomas of the ovary, the morphologic 
transition from the benign to the malig- 
nant takes place almost imperceptibly. 
No pathologist has had the e.xperience to 
place tlie line of division e.xactly. Differ- 
ence of opinion as to what histologic fea- 
tures justifi'- the classification of some of 
these borderline tumors as benign or 
malignant is probably the most important 
variable governing the reported figures on 
cures of ovarian cancer. A slight change 
in conception of the morphologic criteria 
of maUgaancy in the c^'stic tumors of tlie 
ovary appears to them largely to e.vplain 
the change in their own figures from tlie 
S.3 cure rate of their 1934 report to the 
15.2% noted in the present article. It 
does not appear that radiation, as given 
at the Roosevelt Hospital, has materially 
affected the average duration of life in 
cases of ovarian cancer. 

The seriousness of ovarian malignancj' 
has been given considerable thought by 
GoodalP who feels that there is no clinical 
criterion by which one can distinguish a 
non-malignant from a malignant ovarian 
growth. Especially is this true while the 
malignant growth is still limited to the 
ovary and encapsulated. Yet this is the 
only period in which malignancy can be 
dealt with satisfactorily. Ovarian new- 
growths are unfortunately singularly free 
from symptoms. Even the menstrual 
cycles and characters are seldom disturbed. 
The advent of pain, or of free fluid in the 
abdomen are too often the heralds of in- 
eradicable e.xtensions. I^Tien upon open- 
ing the abdomen, the case presents a 
definite peritoneal involvement, he knows 
of no rule which can be laid down to 
guide the surgeon. Only experience can 
be a safe judge. In these circumstances 
both ovaries are generally involved, one 
higher up, and tlie other bound down by 
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peritoneal extensions in the pouch of 
Douglas. When, however, the ovarian 
growths can be removed without too 
much risk, even at the expense of con- 
siderable difficulty, it is thought that the 
period of life is lengthened. This is a 
debatable point, for no one can state what 
the tempo of that tumor was before 
operation, and what will be its rate of 
growth afterward. When the case is 
operable it is his policy to remove both 
ovaries whenever there is undoubted 
malignancy of one of them. This is not so 
radical a procedure as one might suspect. 
Most of these patients are in their late 
thirties or older, and spaying, as a rule, 
does not involve any grave consequences. 
It would seem that deep Roentgen ray 
application should find in malignant ova- 
rian disease a field of great usefulness, but 
he has found deep Roentgen ray therapy 
singularly inefficient in the cure or allevia- 
tion of cases of peritoneal involvement. 
It is his conviction that Roentgen rays 
not only do not improve, but have almost 
invariably broken down the patient’s 
health and hastened death. He concludes 
that the only hope for a patient suffering 
from incipient malignancy of the ovaries 
lies in early extirpation, before the disease 
has spread beyond the confines of the 
ovary. This will necessitate exploratory 
operation upon any suspicious tumor of 
the ovaries. Our attitude toward ovarian 
newgrowths must be somewhat akin to 
the position we adopt toward tumors of 
the breast. 

A somewhat more optimistic note as to 
the value of Roentgen therapy is expressed 
by Walter, Bachman and Harris-' who 
have reviewed the literature on postopera- 
tive radiation tlierapy of ovarian carci- 
noma and present 124 additional cases 
treated by surgery alone or by surgery 
and postoperative radiation. They believe 
that failure to classify the cases according 
to stage of progression has made evalua- 
tion of tlie early results of therapy difficult. 
The classification they employ groups the 
cases into 4 stages: (1) a primary unilat- 
eral and completely removable tumor with 


no visible metastases, (2) the presence of 
local metastases which are completely re- 
movable with the primary tumor, (3) the 
presence of local metastases which are only 
partially removable with the primary tu- 
mor, and (4) cases with advanced carcino- 
matosis peritonei for which exploratory 
celiotomy or removal of large tumor 
masses are diagnostic and palliative meas- 
ures. In Stage 1 and 2 cases reported 
in the literature the supplementarjr use of 
radiation therapy did not significantly al- 
ter the five year survival rate, but the in- 
creased number of five year survivals of 
Stage 3 cases in the irradiated group ap- 
pears to be of statistical significance. The 
prognosis in Stage 4 is extremely grave. 

Further value of Roentgen therapy is 
suggested by Parks^'* who reports 3 cases 
of papillary cystadenocarcinorna of the 
ovary, inoperable because of massive infil- 
tration into the surrounding structures, 
which were apparently made operable by 
deep Roentgen ray therapy. In all 3 cases 
the neoplasm was limited to the abdom- 
inal cavity. The Roentgen ray profoundly 
affected the gross appearance of the 
tumors, but caused very little change in 
the microscopic picture. Two of the pa- 
tients are alive after S and 12 years, 
respectively; the third succumbed after 
5 years of an apparently unrelated carci- 
noma. Deep Roentgen ray therapy in the 
3 cases reported caused the papillary ex- 
crescences and transplants to shrink and 
the entire mass to diminish in size, thus 
making operation easier. This study indi- 
cates tliat it is unwise to persist in doing 
a difficult primary operation. In some 
cases of massive infiltration, it may be 
safer to take a biopsy, close the abdomen, 
give deep Roentgen ray and perform a 
second operation at a later time. 

Adexo.^caxthoslv. a rare tj-pe of can- 
cer, composed of botli glandular and 
squamous elements is termed adcnoacan- 
thoma. In reporting 2 such lesions in the 
ovary, ^Melody, Faulkner and Stone^ 
were unable to find another instance of 
primary adenoacantlioma of the ovary in 
the literature. They state that the histo- 
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genesis of this 13^)6 of lesion is much dis- 
puted. Some believe that the “epider- 
mization” seen in fundal adenoacantlioma 
is the result of metaplasia of the C3'lindri- 
cal to the squamous t3'pe of epithelium. 
A study of cervical biopsy material reveals 
the very great frequency of metaplasia of 
the normal columnar to the squamous type 
of epithelium, in inflammatory lesions of 
the cervix uteri. Moreover, it is recog- 
nized that the germinal epithelium cover- 
ing ovaries whicli are involved in chronic 
perioophoritis occ3sionaIl3’- does undergo 
squamous metaplasia. Then, there is the 
condition known as cj'stic fibrosis of the 
pancreas in which, due to the impaired ab- 
sorption of fat-soluble vitamin A, there is 
a pronounced squamous metaplasia of the 
bronchial mucosa. It would appear, there- 
fore, that squamous metaplasia is reall3’’ 
of rather frequent occurrence in a wide 
variety of pathologic processes, running 
the gamut from chronic inflammator3’' 
lesions, and a vitamin deficienc}’’ state, 
to frank neoplasms. It seems entirel}' 
tenable, therefore, to assume that the 
squamous elements in the ovarian adeno- 
acanthomas are the result of the ubiqui- 
tous process of metaplasia. Another plaus- 
ible h3'pothesis for tlie presence of squa- 
mous epithelium in ovarian carcinoma is 
the supposition that such ma3'- result from 
Walthard’s islands which are thought to 
result from the " invaginations of celomic 
epithelium.” The manifold possibilities 
of celomic epithelium on difl’erentiation 
are well known. It well may be that the 
origin of the squamous elements in OA^a- 
rian acanthoma is identical with the gen- 
erally accepted theor3' of histogenesis of 
Brenner tumor, viz., Walthard’s cell rests. 
The authors, however, incline to the Anew 
that the squamatization seen in the tumors 
described b the result of metaplasia. 

Ejitjkexberg Tumor. In presenting a 
study of 44 cases of Krukenberg tumors 
from the Ma3'o Clinic, Leffel, Masson and 
Dockerty^^ state tbat most Avorkers agree 
on the fact that this is usuallA- a secondary 
tumor and no description of it has sur- 
passed that originally given by Kruken- 


berg. He stated that the tumor was of 
moderate size; it was nodular 3’-et it pos- 
sessed a smooth surface. Adhesions were 
usuallj" absent in such cases but ascites 
was often found. The tumor was usually 
bilateral, usually solid, occasionally cj'stic 
and the general form of the normal ovary 
was usually maintained. The cut surface 
had a m3^xomatous appearance. Micro- 
scopically, Krukenberg described “sjgnet- 
ring” cells surrounded b3'^ a fibrous stroma. 
He recognized the picture as one of un- 
doubted maiignanc3’' and considered the 
lesion as primar3’’ in the OA'aries. How- 
e\"er, there is as 3'et no general agreement 
as to what constitutes a Krukenberg tu- 
mor; as to hoAv metastasis occurs; as to 
whether a primar3’’ oA^arian carcinoma ma}’ 
be impossible to distinguish from a Kruk- 
enberg tumor; as to AA’hether tlie metasta- 
sis is in an}”^ wa}' selective; or on how the 
lesion should be treated. The}' feel that 
these tumors should be described, like 
other metastatic tumors, merely as metas- 
tatic carcinoma of the OA'ar}'. Realizing, 
howeA'er, that tlie term "Krukenberg’s 
tumor” AA'ill continue to flourish in medi- 
cal literature, the}' contend tliat it should 
include all metastatic adenocarcinomata 
of the oA'ary. There is no real difference 
between metastatic adenocarcinoma of 
the OA’ar}' and metastatic adeno- “colloid” 
carcinoma of the OA'ary, saA'e for the pres- 
ence of mucus in the latter. HowcA'er, if 
this difference were OA'erlooked, not cA'en 
the remotest reason would e\'er e.vist to 
use the term "Krukenberg’s tumor.” 
Metastasis maA' occur in 4 AV’a3’s: ( 1 ) 
spread b}' peritoneal sedimentation, (2) 
spread b}' Emphatic channels which must 
include retrograde spread, ( 3 ) e.xtension 
b}' continuitA', and ( 4 ) spread b}' way of 
the blood stream. The treatment of this 
tumor depends on man}' factors, cliicf of 
which are the patient’s general condition 
and the e.vtent of the grou'th. GiA'en a 
patient who is a poor surgical risk or one 
shoAA-ing cA’idence of mctensiA'c metastasis, 
surgical treatment is contraindicated, saA'c 
for tiie relief of an obstruction of the 
gastro-intestinal tract. GiA'cn a patient 
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who is a good surgical risk without exten- 
sive carcinomatosis, the uterus, tubes and 
ovaries should bp removed. This pro- 
cedure is justified for 3 reasons: (1) the 
pathologist’s diagnosis may be wrong, (2) 
the remaining days or months which the 
patient has to live will be more comfort- 
able without the presence of a huge pelvic 
mass and abundant ascites, (3) the increased 
mortality and morbidity associated with 
this procedure are not great enough to 
warrant not attempting to give the patient 
the comfort that would result from such 
a procedure. Circumstances may justify 
leaving the uterus intact but an appar- 
ently atrophic ovary should never be left 
intact. Every surgeon cannot have a 
pathologist at his side, particularly one 
who is experienced with the diagnosis of 
fresh tissue. A good general rule, in this 
case, is to remove both ovaries when a 
solid tumor is found involving either one, 
particularly if the patient is past or near 
tlie menopause. The treatment of the 
primary lesion usually depends upon the 
site. All things being equal, the surgeon 
is justified in being more radical when the 
primary lesion is in the colon than when 
it is elsewhere, because of the frequent 
relatively low grade of these lesions. 

Fibroma. Although ovarian fibroma 
is a benign lesion, it is the second most 
common solid tumor of the ovary. In a 
study of 283 cases from the records of 
the Mayo Clinic, Dockerty and Masson’' 
never found a fibroma before puberty, 
which they believe indicates an origin pos- 
sibly based on a desmoplastic reaction to 
tlie hemorrhage of ovulation or ovarian 
endometriosis. Fibroma did not produce 
any specific diagnostic symptoms and 
rarely was it possible for the clinician to 
go further than to diagnose an ovarian 
tumor. Abdominal ascites (51 cases) and 
hydrothorax (2 cases — syndrome of hleigs) 
suggested the existence of a malignant 
process but the patients never presented 
the picture of cachexia. The complica- 
tions of these tumors were chiefly tliose 
associated with twisting of the pedicle of 
the tumor — a phenomenon which rarely 


occurred until the tumor outgrew the con- 
fines of the true pelvis. Pathologically, 
most of the tumors were solid throughout, 
white and usually invested by a smooth 
capsule free from adhesions. Many of 
the tumors were edematous and a num- 
ber of these had undergone degenerative 
changes with central cysts or “geodes.” 
The common denominator relating to both 
ascites and formation of cysts was a weep- 
ing edema effected through partial ob- 
struction of the venous return. In 90% 
of cases the tumor was unilateral. Bilat- 
eral fibroma-like tumors sometimes proved 
to be metastatic tumors of the Kruken- 
berg type with the primary neoplasm 
most frequently in the stomach, A yel- 
lowish color suggested theca cell tumor, 
especially in cases in which the uterus was 
large and postmenopausal bleeding was 
noted clinically. In 'others the yellow 
color resulted from fatty metamorphosis. 
A grayish brown color and firm consis- 
tency -were noted in several tumors that 
later proved to be of the Brenner type. 
A brownish color and soft consistency in- 
dicated malignant change, which occurred 
in 1 % of the tumors studied. Degenera- 
tive changes, such as fatty, fibrous hya- 
line and calcareous, took positions of 
importance secondary to the phenomenon 
of intercellular edema, which correlated 
more universally than did gross edema and 
formation of cysts W’ith the clinical pro- 
duction of ascites. 

In an effort to explain how fluid gets 
into the pleural cavity in some cases of 
ovarian fibroma (hleigs’ syndrome), some 
interesting studies were made by jNIeigs, 
Armstrong and Hamilton.- In 2 patients 
2 cc. of sterile India ink was injected in 
the abdomen, and chest taps performed 
later. In each instance tlie fluid in the 
chest showed the same concentration of 
India ink as in tlie abdomen. That the 
India ink did not arrive in tlie pleural 
fluid by way of the blood stream was con- 
sidered established by study of the blood 
shortly after injection of the abdomen with 
India ink. In the 2 patients the blood 
showed no evidence of India ink in tlie 
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leukocytes on microscopic examination. 
This experiment is suggestive evidence 
that the abdominal fluid in these patients 
arrives in the chest by the same pathway 
as the India ink, or vice versa. The proba- 
bilitj’’ is that the pathways are 15’mphatics, 
flrst through the interstices of the cells 
under the diaphragm, thence to the supra- 
diaphragmatic lymphatics and thence into 
the chest. The passage of particulate car- 
bon is of considerable interest when con- 
sidered with relevance to the mechanism 
of hydrothorax in conjunction with ascites 
in certain conditions other than Meigs’ 
syndrome. Statistical considerations en- 
hance this interest for Meigs’ syndrome is 
rare in comparison with ovarian fibromas 
with ascites alone. So, likewise is hydro- 
thorax and ascites rare in comparison with 
Laennec’s cirrhosis with ascites alone. It 
may be that hj'-drothorax is found in con- 
junction with ovarian fibroma or portal 
hypertension in those few patients who 
also have sufficient congenital mechanical 
communication between peritoneum ,and 


pleura. Extension of this hj^pothesis leads 
to investigation of the possibility of such 
communication in conditions where die 
basis of fluid in both cavities is more 
readil3" explicable, e. g., cardiac decompen- 
sation and metastatic carcinoma. Initial 
experiments in this investigation have 
been completed. In 2 patients, 1 widi 
carcinomatosis, the other with Laennec’s 
cirrhosis, particulate carbon injected into 
the pleural fluid failed to attain the perito- 
neal fluid within 24 hours. At first glance, 
this result might be taken to indicate that 
no communication exists in these instances. 
However, it should be noted that in 2 cases 
of Meigs’ sjmdrome, only communication 
from abdomen to chest, not from chest to 
abdomen, has been demonstrated. It re- 
mains for joint investigation bj" thoracic 
surgeons and others to demonstrate the 
presence of diaphragmatic perforations of 
small or large size, the presence of the 
rarely reported pleuroperitoneal tubes, and 
to determine the direction and degree of 
penetrability of diaphragmatic lymphatics. 
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Postburn Azotemia, Its Significance as 
Criterion of the Severity of Thermal In- 
jury and of the Efficacy of Fluid Therapy. 
Otto Rosenthal, M.D., and Miles D. 
McCarthy, Ph.D. (Harrison Dept, of 
Surg. Res., Univ. of Penna.). Non-protein 
nitrogen, urea nitrogen and amino nitro- 
gen were determined in the plasma of 
rats subjected to standard burns of known 
lethality (M. D, McCarthy, J. Lab. and 
Clin. Med., 30, 1027, 1945). The differ- 
ence between non-protein > nitrogen and 
the sum of urea and amino nitrogen was 
designated as undetermined nitrogen. 

Following the scalding, 1 group of rats 
received no treatment while others were 
transfused with physiological saline solu- 
tion, normal rat plasma, human albumin 
or gelatin. 

The increases in the undetermined nitro- 
gen and amino nitrogen of plasma reflected 
the severity of burn whereas the urea 
levels did not. The proportionally largest 
increase occurred in the undetermined 
nitrogen fraction, the levels of which fur- 
nished a sensitive criterion of the severity 
of bum. This finding is in accord with 
the e.xperience in man (J. Walker, Jr., 
Aar. J. Med. Scl, 209, 413, 1945). 

The degree of permanent reduction of 
the increased amino nitrogen and espe- 
cially of the undetermined nitrogen levels 
of plasma pro\4ded an index of the efficacy 
of fluid replacement therapy, whereas the 
response of the urea nitrogen levels was 
too slow and too irregular to be of use 
for this purpose. 

The effectiveness of fluid replacement 
therapy in permanently reducing the ele- 
vated undetermined nitrogen levels was 
not clearly related to the relief of herao- 
concentration. It is suggested that a re- 
newed rise of the undetermined plasma 
nitrogen levels in spite of nearly normal 


hematocrit values is an indication of a 
returning tissue anoxia due to a diminu- 
tion of the actively circulating rather than 
of the total blood volume. 


Cerebral Blood Flow and Metabolism 
in Patients With Increased Intracranial 
Pressure. Henry A. Shenkin, M.D., 
Seymour S. Kety', M.D., Francis C. 
Grant, M.D., and Carl F. Scidiidt, 
M.D. (Depts. of Pharmacol, and Neuro- 
surg., Univ. of Penna.). Observations on 
the cerebral blood flow utilizing the nitrous 
oxide method of Kety and Schmidt, cere- 
bral metabolism, cerebrospinal fluid pres- 
sure and blood gas concentrations were 
made on 12 patients, 9 of whom had in- 
' creased intracranial pressure. 

A reduction in cerebral blood flow is 
well correlated with increased intracranial 
pressure due to brain tumor. The average 
cerebral blood flow in the 9 patients ■with 
increased intracranial pressure was 52.7 cc. 
per 100 gm. of brain per minute. The 
normal cerebral blood flow has been found 
to be an average of 70 cc./lOO gra./min. 
determined by the same technique. 

Cerebral o.xygen consumption was de- 
creased by increased intracranial pressure 
but was not correlated to the degree of 
increased pressure. The average o.xygen 
consumption of patients ■v\*ith increased 
intracranial pressure was 3.7 cc./lOO gm./ 
min., as compared with an average normal 
of 4.3 cc./lOO gm./min. Alteration in the 
states of consciousness of the patients 
seemed better related to the decrease in 
cerebral metabolic acti%'ity than to the 
decre.ase in cerebral blood flow. 

The mean arterial blood prcs.=?ure (a%-er. 
115 mm. of mercury) ■was unequivocally 
incre.ascd in .all patients in this series irith 
incrc.ased intracnmial pressure and cor- 
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related well with the decrease in cerebral 
blood flow. 

In those patients with high increased 
intracranial pressure and markedlj' re- 
duced cerebral blood flow, rapid reduction 
of the increased intracranial pressure by 
ventricular drainage or 50 % glucose solu- 
tion given intravenously did not improve 
the cerebral blood flow. In patients with 
moderately increased intracranial pressure 
and moderately decreased cerebral blood 
flow, 150 cc. of 50 % glucose solution given 
intravenously markedly increased cerebral 
blood flow. Ventricular drainage has not 
been applied, as yet, to patients in the 
latter situation. 


Biological Precursors of Uric Acid Car- 
bon. John C. Sonne and John M. 
Buchanan, Ph.D. (Dept, of Physiol. 
Chem., Univ. of Penna.). A study of the 
biological precursors of uric acid carbon 
has been made by administering to pigeons 
compounds labeled with C*’ (i. e., isotopic 
NaHCOs, carbo.vyI-IabeIed acetate, lactate, 
and glycine and lactate labeled in the a 
or /S positions). Uric acid was isolated 
from the e.xcreta, purified and degraded 
by chemical methods in such a manner 
that each of its 5 carbon atoms could be 
obtained separately. It was found that 
CO 2 is the precursor of carbon 6 of uric 
acid; the carboxyl carbon of acetate is the 
precursor of carbons 2 and 8; and the 
carboxyl carbon of glycine is the pre- 
cursor of carbon 4. The carbon atoms 
of lactate were also incorporated into uric 
acid but in a smaller order of magnitude 
than the carbons of CO 2 , acetate and gly- 
cine. Carbons 4 and 5 of uric acid were 
derived from the carbo.xj'l and a (or /3) 
carbons of lactate respectively. It is 
thought that glycine may be formed from 
lactate by reactions similar to the conver- 
sion of serine to glycine (D. Shemin, J. 
Biol. Chcm., 162, 297, 194G). 

In a supplementara' e.vperiment it was 
shown that the carbo.xyl carbon of acetate 
is not a direct precursor of urea carbon 
in the rat. 


t From the data presented, the conclu- 
sions were dravm that glycine and acetate 
are not interconvertible in the metabolism 
of the pigeon and that the precursors of 
urea carbon in the rat and of ureide car- 
bon in the pigeon are different. 


Permeability Methods for the Eecogni- 
tion of Abnormal Ersrthrocytes. M. H. 
Jacobs, Ph.D., W. J. Brovn, M.D., 
Dorothy R. Stewart, Ph.D., and L. J. 
Kisisieuian (Dept, of Physiol., Uni\'’. of 
Penna.). In the usual clinical fragility 
test with hypotonic salt solutions condi- 
tions of osmotic equilibrium are obsen'ed. 
These are strongly influenced by pH, 
temperature and other factors, and require 
an inconveniently long time for their at- 
tainment. In the present method, which 
utilizes the characteristic permeability of 
er^'throcytes to solutes such as glycerol 
and thiourea, osmotic hemolysis also oc- 
curs, but the attainment of an equilibrium 
condition is unnecessary, and a time of 
3 minutes usually suffices for a test. The 
results are also more reproducible and they 
demonstrate abnormalities more clearly 
than do those obtained by the older 
method. 

The blood is collected without an anti- 
coagulant in 0.9% NaCl buffered with 
phosphate at pH 7.4. After suitable ad- 
justment of the opacity' of the resulting 
suspension of erythrocytes, it is mi.ted 
with the hemolytic solution in such pro- 
portions that hemolysis takes place in one 
or the other of the following solutions: 
( 1 ) 0.3 M glj’cerol, 3 parts; 0.9% NaCl, 

2 parts; or (2) 0,3 M thiourea, 4 part.s; 
0.9 % NaCl, 1 part. The solution contain- 
ing glj’cerol must be free from copper. 
The course of hemolysis is preferably fol- 
lowed by a photoelectric method which 
yields a permanent photographic rcconl 
for analysis. In an alternative method 
hemolysis is stopped by osmotic means at 
selected points, and the hemoglobin pre- 
viously liberated by the cells is then 
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measured. In a much simplified method 
the time required to reach a chosen degree 
of hemolysis is determined. 

When studied by any of these methods, 
normal blood shows certain relatively con- 
stant properties, and departures from the 
latter are easily recognized. Characteris- 


tic retardations of hemolysis have been 
found in primary pernicious anemia, sickle- 
cell anemia, obstructive jaundice, and ad- 
vanced carcinoma; equally characteristic 
accelerations have been obtained in hemo- 
lytic anemia and during the aging of 
bank blood. 


BOOK REVIEWS AND NOTICES 


Shock Treatments and Other Somatic 
Procedures in Psychiatry. By Lothar 
B. Kalinowsky, M.D., Research Asso- 
ciate in Psychiatry, College of Physicians 
and Surgeons, Columbia University, and 
New York State Psychiatric Institute and 
Hospital; Assistant Neurologist, Neuro- 
logical Institute of New York; and Paul 
H. Hoch, M.D., Assistant Clinical Psy- 
chiatrist, New York State Psychiatric 
1 Institute and Hospital; Instructor in 
Psychiatry, College of Physicians and 
Surgeons, Columbia University. Fore- 
word by Nolan D. C. Lewis, M.D. Pp. 
320. New York: Grune & Stratton, 1946. 
Price, S4.50. 

Shock treatments have been employed for 
more than 10 years. The chapters are: 
Historical Developments; Insulin Shock 
Therapy; The Con-\Tjlsive Therapies; Com- 
bined Insulin-Con^nllsive Treatment; Other 
Somatic Neurological Treatments and Their 
Relation to Shock Treatments; Prefrontal 
Lobotomj’’ and Its Relationship to Shock 
Therapjq Theoretical Considerations. 

Insulin shock therapy has not fulfilled 
early expectations; small doses stimulate the 
appetite and it is a useful sedative. IMetra- 
zol as a commlsive was extensively used 
for a time, but intravenous administration 
is difficult and frequent fractures a disadvan- 
tage. With electro-shock, the current is 
under full control and the effect is imme- 
diate. Sodium amytal affords sedation and 
removes inhibitions. Continuous sleep may 
be produced by the barbiturates vutli best 
results obtained in mild excitements. In- 
duction of malaria in paretics has long been 
in use; such residual sjuiptoms as sometimes 
persist, may be cleared through shock thcr- 
Jipy; possibly penicillin may prove the best 
agent with which to attack paresis. Re- 


frigeration therapy is dangerous and has 
been abandoned. "Wffien shock treatments 
fail, beneficial effects may be obtained 
through lobotomy in some schizophrenics, 
the psychoneuroses and less frequently in 
involutional depressions; this does not 
effect a cure, but symptoms may be relieved 
through removal of the emotional impact. 

N. Y. 


Essentials op Neuro-psychiatry. By 
David Olkon. Pp. 310. Phila., Lea & 
Febiger, 1945. Price, S4.50. 

The author has attempted, in a small 
volume, to cover the man}' clinical condi- 
tions which constitute the field of PsychiatrjL 
He gives brief descriptions of the ordinarily 
accepted groups of mental and emotional 
disorders. He has devoted a full chapter 
to his own personal observations of the capil- 
lary bed and brings together his concepts 
of this experience in the mentally diseased. 

The book is well-vTitten and interestinglj" 
illustrated. However, it seems to the Re- 
viewer that there is a marked disproportion 
in the material presented. The earlier chap- 
ters on genetics and other factors which the 
author feels are related to development of 
the personality would seem to be unneces- 
sarj'. Emphasis is often misplaced. For 
instance, the author dismisses the immense 
problem of homosexuality in 1 paragraph; 
yet, there are 6 pages on “Transvcstitism.’' 
His remarks on onanism would not be 
acceptable to most schools of PsA'chiatn* 
today. Similar misconceptions and dispro- 
portions occur throughout the book. 

.-Uso, it seems to the Re\'icwer that the 
whole pattern of the book leads to confusion 
because of no definite integration of parts; 
its value to the medical student and to the 
men active in the field of Psychiatr}- would 
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seem to be slight and I doubt if it kouM 
add Very much to the general medical man's 
concepts of Neuropsychiatiy. G. S. 


Motor Disohders in Nervous Diseases. 

By E. Hbrz and T. J. Putnasi. Pp. 184. 

New York: King’s Crown Press, 1946. 

Price, S3.00. 

The methods of visual teaching used bj’ 
the Services during this War will have 
inevitable extension into civilian medical 
pedagogy. This little book is one illustra- 
tion of this trend, as it was prepared as a 
descriptive sjdlabus for “study, before and 
after viewing a projection of films” on the 
various disorders of the motor system. It 
is a description of disorders of gait, coordina- 
tion, reflexes and of the mechanisms con- 
cerned with eye movements and other dis- 
orders of function of the nervous system. 

It is illustrated from the films, in part. 
Needless to say, these are much less effec- 
tual than seeing them projected. A munber 
of other diagrams of anatomic nature are 
included from various sources. The combi- 
nation of the book and films w'ill undoubtedly 
provide an interesting introduction to motor 
disorders. G. G. 


Ajibulatobt Proctoeogt. By Alfred J. 
Cantor, M.D., Associate Proctologist, 
Kew Gardens General Hospital, Long 
Island, N. Y. With a Foreword bj' Beau- 
jiontS. Cornell, AI.D., Editor, American 
Journal of Digestive Diseases. Pp. 524; 
347 special drawings on 275 figures. New 
York: Hoeber, 1946. Price, §8.00. 

The wide scope of this book stems from 
the author’s belief that proctolog}’ should 
include all colonic patholog}- and not simply 
anorectal lesions. The introductory chapters 
on clinical anatom}', diagnostic methods, 
anesthesia and preoperative and postopera- 
tive management deal entirely with .ano- 
rectal disease. Subsequent sections, devoted 
to specific lesions of the anus and rectum, 
contain good discussions of etiolog}' and 
pathology and practical and detailed descrip- 
tions of therapeutic operative procedure. 
The chapter on pruritus is particularly com- 
plete and features a favorable description 
of the author’s special therapeutic procedure, 
tattooneurotomy. The remainder of the 
volume deals in detail with lesions invading 
the entire colon (colitis, venereal diseases. 


div'erticulitis, benign and malignant tumors). 
Here again etiolog}-- and patholog}- are fully 
discussed and both medical and surgic.al 
therapy is presented. 

Numerous good illustrations are valuable 
adjuncts to the descriptions of the pathologic 
conditions and the operative techniques. 

This is a comprehensive and useful text 
for anyone interested in the diagnosis and 
treatment of diseases of the colon, rectum 
and anus. W. F. 


Physical Chemistry for Premedical Stu- 
dents. By John Page Amsden, Professor 
of Chemistry, Dartmouth College. Pp. 
298; 53 ills. New York and London; 
McGraw'-Hill (International Chemical Scr- 
ies), 1946. Price, §3.50. 

The author has written a short, well-or- 
ganized and readable elementary text on 
physical cbemistr}'. As the title suggests, 
the e.xposition of the subject is with a liew 
towards the requirements of premedical 
students. There has been a need for properly 
oriented courses for premedical students, 
not only in physical chemistr}' but in ele- 
mentary organic chemistiy' as well. 

From the present Rexnewer’s standpoint 
the volume is marred only by the continued 
use of time-worn “problems.’’ The solution 
of problems is essential in the understanding 
of applied physical chemistr}'; but the Pe- 
x'iewer has failed to find cogent problems 
w'ith a definite biologic bias. For e.vamjile, 
the question is asked “At what temperature 
will benzene boil on top of this mountain" 
(at reduced atmospheric pressure)? How 
much more interesting and pertinent it would 
be not only for premedical students, but for 
all interested in anation at high altitude^, 
etc., if this problem were redrcs.^cd in a fonn 
to apply to the gas exchange of man. It is 
hoped that in a second edition of this little 
book, the te.xt may be more obviously 
directed towards the needs of prcmedical 
students by the choice of apt applications. 

D. D. 


Adv.ancing Fronts in CHE^^sTr£r. I'ol. 1. 
High Poh'mers. Edited by Suh-ver R- 
Twiss, Department of Chemistr}', Bayne 
Hniversitv. Pp. 106; liberally illu-tratcd. 
New York: Beinbold, 1945. Price, .$-1.00. 
Tins short monograph, with paj)^r-- by 
10 indiridual contributors, i.s the fir^t of a 
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series of lectures sponsored by Wayne Uni- 
versity under the direction of N. E. Gordon. 

The ‘Tiigh polymers” to which the book 
is largely devoted are rubbers, plastics and 
fibers. These substances have very large 
molecular weights and possess high degrees 
of polymerization {i. e., are composed of 
some 150 to 10,000 units). Their growing 
importance in industry is generally recog- 
nized. However, it may be well to point out 
(as one of the contributors has done) that 
beyond the realm of commerce lie the tissues 
of plants and animals, and their component 
structures— proteins, nucleic acids, glycogen, 
starch and cellulose— are all polymeric. 
Thus, it is probable that the chemistry of 
high polymers vull develop implications for 
the biologist and physician; one need merely 
cite the recent development of fibrin film. 

Among the problems dealt with is the 
phenomenon of aggregation. This is recog- 
nized to occur in proteins and gtycogen. 
While biologic applications are only inciden- 
tal and but lightly touched in the presenta- 
tion, the monograph will make interesting 
reading to those concerned with the “ad- 
vancing fronts in chemistrj'.” D. D. 


Rehabilitation. Its Principles and Prac- 
tice. By John Eiselb Davis, M.A,, 
Sc.D., "i^eterans Administration Facility, 
Perry Point, hid. Pp. 264; 9 charts and 
6 tables. New York: Barnes, 1946. Price, 
83.00. 

Through the ravages of modern warfare, 
women and children of all ages as well as 
men now become its victims, with most of 
the neuroses continuing to develop for many 
years after hostilities have ceased. The re- 
habilitation of those thus handicapped is 
admirablj' discussed in the following chap- 
ters: EfTcct of War and Depression; The 
P.s 3 ’chiatric Approach; Types and Di.sease 
Entities; The Psj'chological Approach ; Inter- 
est and Effort Theories; Elemental Princi- 
ples of Mental, Nervous and Phj'sical Recon- 
struction; hlodern Methods; Therapeutic 
Objocti\-es and Results; Handicraft, Educa- 
tion and Art. 

If the pwchotic patient is not realh- 
dangerous, all possible freedom should be 
allowed as he cnecages in work and play 
activitic.s suited to his ph.vsical, intellectual 
ai\d emotional state. In ps 3 ’choanal\'sis the 
basic thought is that the unconscious mind 


exerts a profound influence upon our behav- 
ior. In the psychologic approach, the worker 
deals “not with problem cases, but with 
persons with problems.” Psychologic tests 
are mostty objective and mostly standard- 
ized observation of the subject’s behavior. 
Occupational therapy includes handicraft, 
creative arts, recreation and education. P.sy- 
chodramatics are important and interesting; 
among other advantages are the dressing up 
which causes the patient to feel important, 
emotional outlet is proidded, identification 
and re-identification of the indi-vudual with 
other personages, old images and associations 
are recalled through creative and recreative 
productions. N. Y. 


Pathology of Tropical Diseases. By 

Col. J. E, Ash and Sophie Spitz, M.D. 

Pp. 350; 941 ills. Phila., Saunders, 1946. 

Price, S8.00. 

The morbid changes which characterize 
many of the so-called Tropical Diseases usu- 
ally are described brieflj’’ and often incom- 
pletely in textbooks of Tropical Medicine. 
Likewise textbooks of pathologj’’ usuall}'’ gi^'■e 
little attention to these diseases, if they do 
not omit consideration of them altogether. 
Thus this volume fills a great need. The 
following list of infections and other diseases 
will serve to indicate the contents of the 
books; (1) Virus diseases; (2) Rickettsial di.s- 
eases; (3) Spirochetal diseases; (4) Dj'sen- 
teries; (5) Bacterial diseases; (6) Fungus 
infection; (7) Diseases caused bj’- Protozoa 
of the blood and tissues; (8) Nematodes; (9) 
Trematodes; (10) Cestodes; (11) Diseases 
caused bj' en^^ronmental factors; and (12) 
Deficiency diseases. Each of the diseases 
is defined briefl.v, with short sections on 
epidemiologj', clinical features and path- 
olog}’. A short list of references is given 
at tlie end of each section, followed b,v the 
plates illustrating the characteristic morbid 
changes. These include photographs of 
patients and of gross and microscopic speci- 
mens, each well chosen. It is difiicult in so 
short a reiiew to do justice to the excellence 
of the book. One nm.v find an occasonn! 
error in a legend or wish for a .somewhat 
more modern \'iewpoint in the presentation 
of pathologic ph.vsiology; but thc.=e fault'; 
shrink into insignificance wlien the uhole is 
considered. It is difficult to see how the 
selection of materia! might have been bet- 


760 


BOOK EEATinrS AKB NOTICES 


tered. The authors have draxni the best 
from a great u'ealth of information and 
presented it in a highl 3 ’^ skilful manner, 
Thej’’ and their publisher deserve more than 
congratulations. H. R. 


Geoxtp Psychotherapt; Theohy and Prac- 
tice. J. W. Keapjun, M.D., Faculty, 

Northwestern University hledical School. 

Pp. 332. New York: Grune & Stratton, 

1946. 

Group psychotherap 3 '- has enlisted new 
interest during recent 3 ’-ears. Though, as 
the author points out, it is not entirety new, 
this is the first serious attempt to write a 
book encompassing the field and formalizing 
the technique. Ever 3 " worker in group 
ps 3 ''chotherap 3 ' starts with certain assump- 
tions or premises, most of which are dis- 
cussed briefl 3 ’', developing certain theories 
concerning the technique to be used. The 
te.vt shows that the author has read exten- 
sivety in the field and his references are well 
selected. Case examples handled 63 ’- differ- 
ent group psychotherapy techniques are 
cited and are e.xplained as demonstrations of 
favorable or unfavorable reactions. These 
various techniques include the ps 3 'chodrama, 
reeducation, and group ps}'chotherap 3 ’- in 
private pS 3 'chiafric practice, in the mental 
hospital, and with problem children. Meth- 
ods to be used in the organization of groups 
are also mentioned. The book is eas 3 ' to 
read and has a reasonable Newpoint about 
the uses of Ps 3 'chotherap 3 ', It should be 
read by ererj’ professional and la 3 ' person 
interested in the "Group,’' as it is a definite 
step ahead in the development of literature 
on the subject. L. S. 


Agnosia, Apr.\sia, Aphasia. Their Value 
in Cerebral Localization. B 3 ' J. IM. Nieo- 
sen, B.S., M.D., F.A.C.P., Assisjant Clini- 
cal Professor of Medicine (Neurolog3”)j 
University of Southern California. 2nd ed. 
Pp. 2S6; 59 ills. New York: Hoeber, 1946. 
Price, S5.00. 

The first edition of Dr. Nielsen’s work, 
published lO years ago, aroused considerable 
interest and also controversy" largeh' be- 
cause the conclusions that were tentativety 
advanced were at decided variance with the 
accepted, albeit admittedty muddled, con- 
cepts of aphasias. Since that time, Dr. 
Nielsen has continued an e.vbaustive stud.v 


of this field and has had access to a large 
amount of clinical material. In the present 
edition, he further elucidates the results of 
his work on speech disorders and cerebral 
localization. Of particular interest is the 
material on the role plai’ed by the minor 
hemisphere and interhemispheric shifting of 
language functions. These important con- 
cepts, while not new, have received little 
attention in pren'ous works on this subject. 

The author presents his material in 3 sec- 
tions: Part 1 contains an historical intro- 
duction and a general discussion of agnosia, 
aphasia and apraxia. Part 2 includes a 
cliapter on methods of examination which 
will be of help to the clinician. The author 
points out the pitfafis in the usual methods 
of testing for the aphasias and describes a 
variety of tests useful in eliciting the differ- 
ent defects. The bulk of this section is 
devoted to clinico-pathologic abstracts of 
136 important case histories, verified 63 - 
surgeo' or autops}", which illustrate the con- 
clusions reached on the location and inter- 
relationship of language centers. Maiy' of 
these are cases which were studied personally 
by the author. He has also draun heaiilj' 
on Henschen’s detailed monograph. Part 3, 
which is entitled Appendi.x, might prefer- 
abty be read first. It contains brief, clear 
discussions of the cerebral areas involved 
and their significance in language and men- 
tation. A complete list of the terms used, 
witli their definitions, is also included in 
this section. 

Dr. Nielsen’s proposed nomenclature .does 
not introduce an 3 ' marked changes, but doc.s 
do much to clarify and standardize the tcr- 
minolog}’ now in use— something that is 
badty needed. 

This book is recommended to neurologist-) 
psi'chologists and an 3 ’onD interested in prob- 
lems of cerebral localization. V- H- 


Exercises in Ei.EcrRoc.umiocp.Armc Lx- 
TERFRET.ATIOX. Bv LoUlS N. KaTZ, A.B., 
M.A., M.D., F.A.C.P., Director of Car- 
diovascular Research, Michael Reese Ho- 
pital, Chicago; Profeamrial Lecturer in 
Phvsiologr', Univcrsifi' of Chicago. 2nd 
ed.' Pp.'2SS; HI iff'. Phifa.: I-oa A 
Febiger, 1946. Price, SO.OO. 

According to the authors Preface, “The 
revision of thi' book was undert.aken in 
order to continue to meet thi« need in tr.nn' 
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of the new electrocardiographic knowledge 
and terminology incorporated in the revi- 
sion of the companion book on electrocardi- 
ography.” This edition preserves the for- 
mat of the first, with description, interpreta- 
tion and clinical correlation adjacent to the 
full page reproduction of the electrocardio- 
gram in each instance. W. J. 


Clinical Laboratory Diagnosis. By 
Samuel A. Levinson, M.S., M.D., Ph.D., 
Director of Laboratories, Research and 
Educational Hospital, Chicago; Professor 
of Pathology, University of Illinois College 
of Medicine; and Robert F. MacFate, 
Ch.E., M.S., Ph.D., Assistant Director of 
Laboratories, Research and Educational 
Hospitals; Assistant Professor of Pathol- 
ogy, University of Illinois College of 
Medicine. 3rd ed. Pp. 971; 192 engrav- 
ings and 15 plates. Phila.: Lea & Febiger, 
1946. Price, $10.00. 

This manual covers a rather wider range 
of subject matter than do most of such 
manuals and describes at least 1 procedure 
for each purpose in great detail, step by step. 
The Reviewer has had no opportunity to 
test the freedom from typographic errors 
in these detailed quantitative descriptions, 
formulas, graphs and tables; but the success 
of 2 previous editions invites confidence. 

Procedures applicable in the field of legal 
medicine and toxicology, procedures and 
values appropriate in pediatric practice, a 
chapter on laboratory study of so-called 
tropical diseases, a chapter on skin tests, 


and 1 on milk and water analysis are in- 
cluded. Especially if the specialized mono- 
graphs in different fields are not available, 
will this manual be a useful guide and source 
of information. 

There are many well-chosen illustrations. 
The field covered, however, is so wide that 
even this generous allowance cannot, of 
course, compete with the illustrative material 
available in a library of special monographs 
covering various fields. Theoretical consid- 
erations are severely condensed and are 
presented in a number of instances in sche- 
matic form. The amount of technique and 
information condensed here in a single 
volume is noteworthy. J. A. 
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Merrilleana. A Selection From the General 
Writings of Elmer Drew Merrill, Sc.D., 
LL.D., Arnold Professor of Botany, Har- 
■ vard University; former Director, Bureau 
of Science, Manila; Dean, College of 
Agriculture, University of California; 
Director, New York Botanical Garden; 
Administrator of Botanical Collections, 
Harvard University, and Director, Arnold 
Arboretum. Chronica Botanica, Vol. 10, 
No. 3/4. Pp. 393; 24 ills. Waltham, 
Mass.: The Chronica Botanica Co., 1946. 
Price, $4.00. 

Though only indirectly connected with Medi- 
cal Science, this volume contains interesting 
matter of general biologic interest, written by 
"the American Linnaeus.” 


NOTICE AND INSTRUCTIONS TO CONTRIBUTORS 

Manuscripts intended for publication in The American Journal or the Medical Sciences, and 
correspondence, should be sent to the Editor, Dr, Edward B. Krumbhaar, School of Medicine. Uni- 
versity of Pennsylvania, Philadelphia 4, Pa. Articles are accepted for publication in The American 
Journal of the Medical Sciences exclusively, except in the case of subsequent publication in Society 
proceedings. 

Manuscripts should be typewritten on one side of the paper only, and should be double spaced 
with liberal margins. The author’s chief position and. when possible, the Department from which 
the work is produced should be indicated in the subtitle- Illustrations accompanying articles should 
be numbered and have typed captions bearing corresponding numbers. For identification they should 
also have the author’s name written on the margin or back. The recommendations of the American 
Medical Association Style Book should be followed. References should be numbered and at the 
end of the articles, arranged alphabetically according to the name of the first author and should be 
complete, that is, author’s name, journal, volume, page and year (in Arabic numbers). 

Return Postage should accompany all manuscripts but will be returned to the author if the manu- 
script is accepted. 

Until the paper stringency is over 150 Reprints will be supplied gratis. Covers will be omitted on 
all articles. In ordering additional reprints, we will supply in multiples of 150. 




INDEX 


A 

Abell, Richard G., and Page, Ir\dne H., The 
reaction of the vessels of the mesentery and 
intestine ■ . . ' i 0 q 

Addison's ■ ■ ■ 404 

Adrenal cortex extracts, Regression of mouse 
sarcoma 37 produced by, 125 
Adrenotrophic, renotrophic and cardiotrophic 
activities of lyojihilized and anterior pituitary 
in thyroidectomized rats, 535 
Agglutination inhibition test. Use of an, in 
studying the effects of vaccination against 
influenza, 409 

Allergic disease. The use of histamine antago- 
nist, beta - dimethylaminethyl benzhj’drjd 
ether hydrochloride, 185 
Allergic reactions. Severe, to penicillin, 541 
Amino acids (casein hydrolj’sates). Reactions 
to intravenously administered, 35 
Aminophylline, The effect of, on the prothrom- 
bin time in man, 476 

Amjdoidosis, Primary sj'stemic: jaundice as 'a 
rare accompaniment, 275 
Andersch, Marie A., see Sacks, Milton S., 546 
Anemia, Aplastic, in soldiers treated with ata- 
brine (quinacrine), 211 
Changing concepts in Mediterranean (Coo- 
ley's), 723 

Hemolytic, associated with gross liver dam- 
age and splenomegaly, 586 
pernicious, Vitamin levels in, 179 
Angina pectoris. Testosterone in, 7 
Angiotonin and renin, The reaction of the ves- 
sels of the mesentery and intestine to, 166 
Angrist, Alfred, and hlollov', Mollie, Bacterio- 
logic, clinical and pathologic experience with 
86 sporadic cases of salmonella infection, 336 
Anthony, E., see Griffith, J. Q., Jr., '31 
Antibodies, The pneumococcus: Rheumatoid 
arthritis, 718 

Antimony, Effect of, on the electrocardiogram, 
697 

Aplastic anemia in soldiers treated with atabrine 
(quinacrine), 211 

Arterial hypertension. Selection of patients with, 
for treatment by repeated injections of pitrcs- 
sin, 31 

Arteritis, Temporal, and loss of vision, 225 
Arthritis, Rheumatoid, 713, 716, 718 _ 

The effect of prostigmine (neostigmine) in 
the muscle ^asm of, 153 
Asher, Curtis, see Griffith, George C,, 22 
Askonas, Brigitte A., see Stern, JfCarl, 302 
Atabrine and the electrocardiogram,^ 53S 

(quinacrine). Aplastic anemia in soldiers 
treated with, 211 

Ayeock, W. Lloyd, and Ingalls, Theodore H., 
'Maternal disease as a principle in the epi- 
demiologj' of congenital anomalies, with a 
re\icw of rubella, 366 _ . 

AzotemLa, Postburn, its significance as crifenon 
of the severity of thermal injuo" and of the 
efficaev of fluid therapy, 755 


B 

Bacteriologic, clinical and pathologic experience 
with 86 sporadic cases of salmonella infection, 
336 

Balboni, Victor G., Holland, Joseph L., and 
Kj'dd, David M., The effect of prostigmine 
(neostigmine) on the muscle spasm of rheu- 
matoid arthritis, 153 

Barnes, T. Cunliffe, and Beutner, R., Pliasc-, 
boundarj' potentials and the nerve impulse, 
125 

Beck, Lyle V., and Differ, Irene, C., Regression 
of mouse sarcoma 37 produced by adrenal 
cortex extracts, 125 

Becker, Frederic T., see Glenn, Paul M., 197 
Beerman, Herman, Tumors of the skin: Part II. 

A review of recent literature, 479 
Beierwaltes, William B., and Sturgis, Cyrus C.. 
Complications following the administration of 
thiouracil, 513 

Berk, Morris, Traumatic streptococcic men- 
ingitis: Report of a case with recovery and 
review of literature, 18 

Beta-dimethylaminethyl benzhydryl ether hy- 
drochloride, The use of a histamine antago- 
nist, in allergic disease, 185 
Beutner, R., see Barnes, T. Cunliffe, 125 
Bills, Jack W., and Pepper, O. II. Perrv, Retro- 
peritoneal splenomegaly: Occurrence in a ease 
of leukopenic plasma cell leukemia, 139 
Block, Frank B., Ovarian tumors, 738 
Blood levels of penicillin after various forms of 
oral administration, 90 
protein tyrosine reaction in malaria, acute 
epidemic hepatitis, and certain other di'-- 
cases, 60 

regeneration. The thyroid and, in the rat, 3‘^’> 
volume. The relation of nitrogen balance and, 
to abnormalities of the circulation: Con- 
valescence from surgical procedure.";. Ill, 
591 

Bodnnsky, O.^car, sec Comroe, .lulius IL, 641 
Bone, Disseminated coccidioidornyco-is local- 
ized in, 561 

Brain, The to.xic effects of prolonged ingestion 
of DDT on dogs with special reference to le- 
sions in the brain, 423 
Breese, B. B., see Riser, Nathan \V., 331 
Brcyt.spraak, Roger \V., and GrecnM>an, Franch 
S., with Ellis, Helen, The effect 01 amiiwphyl- 
line on the prothrombin time in man, 476 
Broh-Kahn, K. IL, and Erdman, George, f-'idfa- 
pyrazine— its use in the prophylaxis of respi- 
ratory disease. 170 

Broh-Kahn, Robert II. , and Pedrick, Richard 
K., Some factors that modify the effect o. 
trl'odium citrate on the ab-orptinn of ond 
penicillin, C91 . , . 

Brown, Gregory X., rcc Pathin, David, .16., 
Brown, W. J., s'e Jacobs, X. IL, 756 _ 

Buchanan, John M., s'e Sonw, John < .. 



INDEX 


763 


Buck, M., Ercoli, N., Kelly, D, Richards, Lewis, 
M. N., and Schnitzer, R. J., The activity of 
penicillin in the intranasal pneumococcus 
infection of mice, 306 

C 

Capillary microscopy with special reference to 
capillary petechise, 192 
Caplan, Paul C., see Sampson, John J., 321 
(“Carbowax”), Studies on the penetration^ of 
sulfonamides into the skin. III. Penetration 
of sulfanilamide and sulfathiazole into intact 
and injured skin of guinea pigs from various 
vehicles, including polyethylene glycols, 523 
(Casein hydrolysates). Reactions to intraven- 
ouslj'- administered amino acids, 35 
Gayer, David, Ruffin, Julian M., and Perlzweig, 
William A., Vitamin levels in pernicious ane- 
mia, 179 

Cephalin cholesterol, A modified test (Hanger) 
in the study of hepatic disease, 143 
Cerebral blood flow and cerebral oxygen con- 
sumption in 5 patients with hyper- 
tension, 124 

and metabolism in patients noth increased 
intracranial pressure, 755 
Cerebroside from the spleen in Gaucher’s dis- 
ease, Isolation of a glucose containing, 546 
Charipper, Harry A., see Gordon, Albert S., 385 
Citrate, Effect of, on the reactions of lead with 
blood colls and plasma, 315 
Clark, William G., Studies on the penetration 
of sulfonamides into the skin: III. Penetra- 
tion of sulfanilamide and sulfathiazole into 
intact and injured skin of guinea pigs from 
various vehicles, including polyethylene gli”-- 
cojs (“carbowax”), 523 

Clinical and laboratorj" studies of liver function 
in therapeutic malaria, 197 
Coccidioidom 3 "cosis, Clinical and roentgenologic 
aspects of, 652 

Disseminated, localized in bone, 565 
Colcher, Henr 3 ’^, sec Patek, Arthur J., Jr., 561 
Comroe, Julius H., Todd, John, Gammon, 
George D., Leopold, Irving H., Koelle, 
George B., Bodanskj', Oscar, and Gilman, 
Alfred, The effect of di-isopropjd-fluorophos- 
phate (DFP) upon patients witli mj'asthenia 
gravis, 641 

Concussion, upon the polarizabilitj' of the 
brain, Effect of, 123 

Conn, Jerome W., and Matthews, Kenneth P., 
Addison’s disease in the Negro, 404 
Convalescence from surgical procedures: III. 
The relation of nitrogen balance and blood 
volume to abnormalities of the circulation, 
591 

(Cooley’s) anemia, Changing concepts in Mcdi- 
iterrancan, 723 

Coronar.v blood flow. Direct measurement of, 
in the anesthetized dog, 123 
Council, Francis E., see Florman, Alfred L., 409 
Crowley, Robert Tinkham, Organizing hemo- 
thorax— a clinical cntit.v, 241 
Custer, R. P., Aplastic anemia in soldiers treated 
with atnbrino (quinacrinc), 211 

D 

Davis, Eli. Capillary microscopy with special 
reference to capillarj* petechia?', 192 


Davis, William D., Scott, Roy W., Lund, 
Herbert Z., Needle biopsy of the liver, 449 
DDT on dogs, The toxic effects of prolonged 
ingestion of, with special reference to lesions 
in the brain, 423 

Diabetic retinitis, Alterations in. Plasma pro- 
teins, I, 462 

Vitamin A and carotene metabolism in the, 
as reflected by blood levels, 574 
Dickstein, Benjamin, see Wolman, Irving J., 723 
Di-isopropyl-fluorophosphate (DFP), The ef- 
fect of, upon patients with myasthenia gravis, 
641 

Diller, Irene C., see Beck, Lyle V., 125 
Diphtheria, Late neuronitis following proved 
and suspected cutaneous, faucial and wound, 
432 

Doan, Charles A., Folic acid (synthetic L. casei 
factor), an essential panhematopoietic stimu- 
lus: experimental and clinical studies, 257 
Drugs used in clinical diagno'sis (Part II), Re- 
view of recent literature, 613 
Dungal, Niels, Echinococcosis in Iceland, 12 


E 

Echinococcosis in Iceland, 12 
Eckenhoff, J. E., and Landmesser, C. M., Direct 
measurement of coronary blood flow in the 
anesthetized dog, 123 
Electrocardiogram, Atabrine and the, 538 
Effect of antimony on the, 697 
Electrocardiographic effects of prostigmin, 418 
P waves. Alteration of, in acute rJieumatic 
fever, 321 

phenomena associated with spontaneous 
pneumothorax and mediastinal emphysema, 
682 

Ellis, Helen, see Breytspraak, 476 
Emphj'sema, Electrocardiographic phenomena 
associated with spontaneous pneunmthorax 
and mediastinal, 682 

EosinophiJia, Pulmonary infiltrations with asso- 
ciated, 60S 

Epidemiology of congenital anomalies, Maternal 
disease as a principle in the, with a re\'iew of 
rubella, 366 

Ercoli, N., see Buck, M., 306 
Erdman, George, see Broh-Kahn, R. H., 170 
Erlahger, Herman, sec Irvine, Harold D., 53S 
Erythroc.vtes, Abnormal, permeabilitj' methods 
for the recognition of, 756 
E.xton-Rose glucose tolerance test, The fallacj* 
of the, 466 

F 

Fabricant, Noah D,, The decline of acute surgi- 
cal mastoiditis, 506 

Fallacv of the Exton-Rose glucose tolerance test, 
466’ 

Farrington, R. F., see Riser, Nathan W., 331 
Felder, Leonard, see Orloff, Jack, 275 
Ferguson, R. L., sec Haymaker, Webb, 423 
Fibroej'stic disease of the pancreas, 351 
Finkelstein, Grace, see Gordon, Albert S., 3S5 
Florman, Alfred L., Poindexter, Amies, and 
Council, Francis E,, Use of an agglutination 
inhibition test in .‘^tud.ving the effects of v.ac- 
cination against influenza, 409 



764 


7: ^“‘r ^i?'"Siws‘?j? '‘*<0.., 

“ NS|?|-€9f“riir"-- 

S i"b®-' "«d BeS“’ 423 from 

«v.r=.-^3issfe, 

E. C Ti F«undSe‘’^s'‘^®' ~5G o^TbSS^' 

l^ereuson, H 7 ' GinzJer .V., 29 ; 

^ '■eSJcefoT'”? '’^""^‘^ 0 / p?'^ //'«don- ^ 


fsP^^'^oatally 

goart block p^ , -- '-'-uoiis bepntif';:' I ^'■^niier n 4-, ^fc r! 

,. damage anrf? T^''°‘^'0(e<i »,^M ' ' r-*^ ^'’’ E. J{/cf,„t,‘, ^"^Per, Joc/ -f 

--ee,32r/ 


SgT i:.. 7J]i:^',^J: 30r. 

^^^'-■?evmour9 E. j,., 

'’•"™'’ “in. j.,7A"sjr;-;f 



INDEX 


765 


Kety, Seymour S., see Shenkin, Henry A., 755 
Kimble, M. S., Germek, O. A., and Sevringhaus, 
Elmer L., Vitamin A and carotene metabo- 
lism in the diabetic as reflected by blood 
levels, 574 

Kimmelman, L. J., see Jacobs, M. H., 756 
Kirsh, David, Mahoney, J. Francis, Pender- 
grass, Eugene P., The use of radon ointment 
in the treatment of late irradiation ulcers, 395 
Koelle, George B., see Comroe, Julius H., 641 
Koop, C. E., see Maycock, P. L., 591 
Kough, M. T., see Maycock, _R. L., 591 
Kydd, David M., see Balboni, Victor G., 153 


L 

Laffer, Norman C., see Sashin, David, 565 
Landmesser, C. M., see Eckenhoff, J. E., 123 
Langner, Paul H., Romansky, Monroe J., 
Robin, Eugene D., The fallacy of the Exton- 
Rose glucose tolerance test, 466 
Lavietes, Paul H., see Most, Harry, 550 
Lawrence, Herbert, see Hopkins, J, Gardner, 
674 

Leukocytic response of patients with experi- 
mentally induced infectious hepatitis, 129 
Leukopenic plasma cell leukemia. Occurrence 
in a case of; Retroperitoneal splenomegaly, 
139 

Levine, E. B., and Sellers, A. L., Testosterone 
in angina pectoris, 7 

Levine, _ Harold D., and Erlanger, Herman, 
Atabrine and the electrocardiogram, 538 
Lewis, Lena A., see Schneider, R. W., 462 
Lewis, M. N., sec Buck, M., 306 
Littman, David, Electrocardiographic phe- 
nomena associated with spontaneous pneu- 
mothorax and mediastinal emphysema, 682 
Liver damage and splenomegaly. Hemolytic 
anemia associated with gross, 586 
disorder. The urinarj’’ excretion of methionine 
in, 68 

function. Clinical and laboratory studies of, 
in therapeutic malaria, 197 
Needle biopsy of, 449 
London, Irving M., see Most, Harry, 550 
Lowell, Alice, see Patek, Arthur J., Jr., 561 
Lubin, Albert J., Schizophrenia, 107 
Lukens, F. D. W., Pituitar 3 ’-diabetcs, 229 
Lund, Herbert Z., see Davis, William D., 449 


M 

Madow, Leo, and Stouffer, John, Analj'sis of 
incidence and causes of death in an acute 
psj’cbop.athic hospital, 471 
Mahoney, J. Francis, see Kirsh, David, 395 
Malaria, acute epidemic hepatitis, and certain 
other diseases. The blood protein reaction 
in, 60 

Clinical and laboratorv studies of liver func- 
tion in therapeutic, 197 
Purpura ns a complication of, 54 
vivnx, Combined quinine-plasniochin treat- 
ment of; effect on relapse rate, 550 
Malarial jaundice, 45 

March, Ruth E., see Havens, ^y alter P., Jr., 129 
Masson, G., The spcrmatogenic acti\'itv of A*- 
prcgncnolono and of its esters, 1 


Mastoiditis, The decline of acute surgical, 506 
Maternal disease as a principle in the epidemi- 
ology of congenital anomalies, with a review 
of rubella, 366 

Rh sensitization. Evidence of, without evi- 
dence of hemolytic disease in the newborn, 
327 

Matthews, Kenneth P., see Conn, Jerome W., 
404 

Maycock, R. L., Koop, C. E., Riegel, C., Kough, 
N. T., and Starr, Isaac, Convalescence from 
surgical procedures: III. The relation of nitro- 
gen balance and blood volume to abnormali- 
zes of the circulation, 591 
McCarthy, Miles D., see Rosenthal, Otto, 755 
McCullagh, E. Perry, see Schneider, R. W., 462 
McDowell, Harold C., see Sashin, David, 565 
Mediterranean (Cooley’s) anemia. Changing 
concepts in, 723 

Melitura in healthy American men with special 
reference to transitory glycosuria, 159 
Mendell, Theodore H., and Prose, Philip H., 
Severe allergic reactions to penicillin, 541 
Meningitis, Traumatic streptococcic; report of 
a case with recovery and review of literature, 
18 

Mesentery and intestine. The reaction of the 
vessels of the, to angiotonin and renin, 166 
Methionine, The urinary excretion of, in liver 
disorder, 68 

Methylxanthines on the prothrombin time and 
the coagulation of the blood. Effect of, 83 
Microscopy, Capillary, with special reference to 
capillary petechise, 192 

Miller, Dorothy I., see Kariher, Donald H., 327 
Modified cepbalin cholesterol test (Hanger) in 
the study of hepatic disease, 143 
Mollov, Mollie, see Angrist, Alfred, 336 
Molybdenized ferrous sulfate. The use of, in 
the treatment of true iron deficiency anemia 
of pregnancy, 76 

Mortensen, R. A., Effect of citrate on the reac- 
tions of lead noth blood cells and plasma, 315 
Moses, John B., see Spain, David M., 707 
Most, Harry, Kane, Charles A., Levietes, Paul 
H., London, Irving M., Scluroeder, Edmund 
F., and Hayman, J^oseph M., Combined qui- 
nine-plasmochin treatment of vivax malaria: 
effect on relapse rate, 55 
Most, Harrj’’, Hajunan, Joseph M., and Wilson, 
Thomas B., Hookworm infections in troops 
returning from the Pacific, 347 
Most, Harrj^ see Schroeder, Edmund F., 697 
Myasthenia grands, The effect of di-isopropyl- 
fluorophosphate (EFP) upon patients with, 
641 

N 

Nearj*, Edward R., The use of molybdenized fer- 
rous sulfate in the treatment of true iron 
^ deficiencj' anemia of pregnancy-, 76 
Needle biopsj' of the liver, 449 
Nerve impulse. Phase-boundary potentials and 
the, 125 

Neuronitis, Late, following proved and suspect- 
ed cutaneous, faucial ana wound diphtheria, 
432 

Nitrogen balance and blood volume. The rela- 
tion of, to abnormalities of the circulation; 
Convalescence from surgical procedures, HI. 
591 



766 


INDEX 


0 

Oppenheim, Elliot, see Willett, Eorrest Monroe, 
608 

Organizing hemothorax— a clinical entitj', 241 
Orloff, Jack, and Felder, Leonard, Primar 3 ’' sys- 
temic amyloidosis: jaundice as a rare accom- 
paniment, 275 
Ovarian tumors, 738 


P 


Padis, N.j see Griffith, J. Q., Jr., 31 
Page, Irvine H., see Abell, Richard G., 166 
Pancreas, Fibrocystic disease of the, 351 
Panhematopoietic stimulus. Folic acid (syn- 
thetic L. casei factor), an essential: experi- 
mental and clinical studies, 257 
Parasites, Intestinal, diagnosed at an armj' gen- 
eral hospital in the South Pacific, 289 
Patek, Arthur J., Jr., Kendall, Forrest E., Vic- 
tor, Joseph, Lowell, Alice, Colcher, Hemy, 
and Seegal,_ Damd, Venous thrombosis after 
infusion noth gelatin solutions containing 
mercurial preservatives, 561 
Pathogenesis, Introduction to a studj' of its, 
Rheumatoid arthritis, 713 
Pearlmutter, Morris, Drugs used in clinical 
diagnosis (Part II): Review of recent litera- 
ture, 613 

Pedrick, Richard F., see Broh-Kahn, Robert H., 
691 


Pender^ass, Eugene P., see Kirsch, Da\’id, 395 
Penicillin, The actimty of, in the intranasal 
pneumococcus infection of mice, 306 
Blood levels of, after various forms of oral 
administration, 90 

oral, Some factors that modify the effect of 
trisodium citrate on the absorption of, 691 
Response to, by a typhoid carrier: studies on 
penicillin sensitivity of strains of typhoid 
bacilli, 331 

Severe allergic reactions to, 541 
therapv in pyogenic dermatoses, 074 
Pepper, 0. H. Perry, sec Bills, Jack W., 139 
Perli^wcig, William k., see Caver, David, 179 
Pernicious anemia. Vitamin levels in, 179 
Petechi®, Capillary microscopy with special 
reference to capillary, 192 
Phillips, A. W., see Griffith, George C., 22 
Pitressin, Selections of patients vith arterial | 
Inyertension for treatment by repeated in- 
jections of, 31 
Pituitary-diabetes, 229 

Pituitary in thyroideetomized rat,®, Tlic ademv j 
trophic, rcnotrophic and cardiotrophic activi- I 
ties of lyophilized and anterior, 535 , 

Plasma, Effect of citrate on the reactions of lead j 
with blood cells and, 315 
proteins: I. .Alteration in diabetic retiniti.‘:,4C2 1 
Poindevter, Agnes, see Flornian, .Alfred L., 409 
Polarizability of the brain, Effect of concu'-ion ' 
upon the, 123 ■ , i • 

Pneumococcus antibodies. Rheumatoid artiin- 
tis, 718 

intranasal. The activity of penicillin in the 
intranasal infection of mice, 306 
Pneumonitis occurring in rheumatic fever, 
Pneumothorax, spontancou=. Electrocardio- 
graphic phenomena associated mth anti 
mediastinal cmphy.=cma, 6S2 


P^sgimncy, The use of molybdenized ferrous 
sulfate in the treatment of true iron defi- 
cienci' in, 76 

Pregnenolone, The spermatogenic activitv of 
A\ and of its esters, 1 

Promizole, Effect of graded doses of thvroxin 
on experimental goiters induced bv, 294 

Prose, Philip H., see Mendell, Theodore H., 511 

Prostigmin, The electrocardiographic effects of, 
418 

Prostigmine (neostigmine). The effect of, on the 
muscle spasm of rheumatoid arthritis, 153 

Prothrombin time. The effect of methylxan- 
thines on, and the coagulation of the 
blood, 83 

in man, The effect of aminophvlline on the, 
476 

Psychopathic hospital, Anab'sis of incidence 
and causes of death in acute, 471 

Pugh, Darid G., Roentgenologic diagnosis of 
certain congenital lesions of the heart and 
great vessels, 628 

Pulmonary infiltrations with associated cosino- 
philia, 60S 

vein thrombosis, Thrombosis and embolism 
of pulmonarj- vessels with special reference 
to, 707 

Purpura as a complication of malaria, 54 

Pyogenic dermatoses, Pcm’cillin therapy in, 674 


Q 

Quilligan, J. J,, Jr., see Frisch, .Arthur W., 143 
Quinine-plasmochin, Combined, treatment of 
vivax malaria: effect on relapse rate, 550 

R 


Radon ointment. The use of, in the trcatircnt 
of late irradiation ulcers, 395 
Read, Hilton S., sec Glenn, Paul M., 197 
Renin, The reaction of the vessels of the inc-en- 
tery and inte«tine to angiotonin and, 166 
Re-^piratory di.sease, Sulfapyrazine— it.*- u-e in 
the prophylaxis of, 170 

Retinitis, .Alterations in diabetic. Plasma pro- 
teins, I, 462 

Retroperitoneal splenomegaly. Occurrence ip a 
ra.se of leukopenic plasma cell leukemia, 139 
Renews (Reviewer’s initials in parenthc--c->): 

.\flri.ini, John, Tlie Clif niolo of .-tno-th»-*i i fU D ! 
201 

Alt ’sand' r, Jrromf. Colloid (V D I • 

Atn'-d^n, John riu'iiral Ch'-mi'trj for I ''di 

ml (IJ D >. T.'S , „ , 

A«h. J. E , and ^ophl^, Entholo;?:;, o. Tr' 

BThkm. H. I*.. Sfcrviorv Mrchirti'ni o. tl^ •' 

CJhntis (J. T ). uir ^ , 

Eovt, Ch-trlr^ H. nnti Tnjlor. N; B i 

fif ^f^dlca{ K.). 

Rirc»r. C\ A }. .(* of . IVr-oG-.IJt% r. Arf^rnl • 
tfr«jon (fl ). . 


Ui 


W , O-aJ Mffh'-ir'’ (V’ . E 
I< E }* rn‘r'roG \ h * 

AIfr»<! J, AnI’dAJ''’) 

o'f'p. Uo If . of \l>rr iE E' r '> 

Ifni- r. E. -J d 'V.. I’* I .'••"•T 

< N* V ). 

I n.tlf*- of O'r-' ' 
f- fj .'in 

I>-Jc*'r. Etj-- r 


( , 



INDEX 


767 


Reviews (Reviewer’s initials in parentheses) ; | 

Dougherty. Joseph M., Textbook of Bacteriology and 

Dwye^lrind Fish'^’a W.. Modern Urology for 

Nurses (W. L.), 636 . . , _ rt? rf ^ 

Edelstein, Emma J., and Ludwig, Asclepius (E. li.L 

Farrell, John T., Eoentgen Diagnosis of Diseases of 
the Gastrointestinal Tract (E. P.)» 253 
Felsen, Joseph, Bacillary Dysentery, Colitis and En- 
teritis (S. H.) , 126 . „ , 

Foot, Nathan Chandler, Pathology m Surgery (W . S.) , 
251 

Fulton, John F., Howell's Textbook of Physiology 
(E K ) 255 

Gelinas, 'Agnes, Nursing and Nursing Education 


(T L ) 512 

Glueck, Bernard, Current Therapies of Personality 
Disorders (N. Y.), 381 , ^ 

Grinker, Roy, and Spiegel, John, War Neuroses 

(W. HO, 637 „ V 1 

Hamilton, W. J., and Boyd, J. D., Human Embryol- 
ogy (Prenatal Development of Form and 1' unction, 

(W. AO. 509 . , . t. • 1 

Hawkins, R. R., Scientific, Medical, and Technical 
Books Published in the United States of America, 
1930-1944 (W. McDO, 511 . ^ , 

Herndon, Richard F., An Introduction to Essential 
Hypertension (C. KO, 380 

Herrick, Arthur D., New Drugs (C. SO, 254 
Hcrz, E., and Putnam, T. J., Motor Disorders in Ner- 
vous Diseases (G. GO, 758 
Kalinowsky, Lothar B., Shock "Treatments and Other 
Somatic Procedures in Psychiatry (N. YU 757 
Katz, Louis N., Exercises in Electrocardiographic 
Interpretations (W. JO, '760 
Klapman, J. W., Group Psychotherapy: Theory and 
Practice (L, SO, '760 

Kudo, Richard R., Protozoology (H. RO. 636 
Kuntz, Albert, "The Autonomic Nervous System 
(J. CO, 251 

Kuntz, Albert, Textbook of Neuro-anatomy (W. H.), 
636 

Lawrence, J. Stewart, The Sulphonamides in Theory 
and Praotice.CC. S.). 254 

Levinson, Samuel A., Clinical Laboratory Diagnosis 
(J. A.), 761 

Macintosh, R. R., and Bannister, Fied B., Essentials 
of General Anesthesia (R. DO. 381 
MacKce, George M., and Ciparollero, Anthony C., 
Skin Diseases in Children (D. PO, 639 
McGrath, Bethel J., Nursing in Commerce and 
Industry (H. FO, 380 

Medical Clinics of North America, N. Y., March 1946 
(A. C., Jr.). 639 

Morlcy, M. E., Cleft Palate and Speech (R. I.). 638 
Nielsen, J. M., Agnosia, Aprasia, Aphasia (W. H,), 
700 

Olkon, David, Essentials of Neuro-psychiatry (G.S.), 
757 

Osborne, Nancy F., The Doctor in the French I.itera- 
turc of the 10th Century (E. KO. 630 
Petersen, William F., Hippocratic Wisdom (E. K.) 
250 

Problems in Postwar Alcdicine, Medical Clinics of 
North America, N. Y., March 1946 (.A. C., JrO, 639 
Quiring, Daniel P., The Extremities (W. A.). 251 
■ Sehorf, David, Clinical Electrocardiography (C. W.) 
254 

Schwartz, L., and Peck, S. hi.. Cosmetics and Derma- 
titis (J. LO, 380 

Tapclla, Pedro A. P., Tratado do Cardioangiologia 
(E. KO. 253 

Tuiss, Sumner B., Advancing Fronts in Clicmistrv 
,(p. DO, 758 

Waite, Frederick Clavton, Eastern Resen-e Uni 
vcrsity Centennial History of the School of Medi- 
cine (E. K.), 253 


Riser, Nathan W., Farrington, R. F., and 
Breese, B. B., Response to penicillin by a 
typhoid carrier: studies on penicillin sensi- 
tivity of strains of typhoid bacilli. 331 
Robin, Eugene D., see Langner, Paul H., 466 
Roentgenologic, Clinical and, aspects oi coccidi- 
oidomycosis, 652 . , , . 

diagnosis of certain congenital lesions of the 
heart and great vessels, 628 
Romansky, Monroe J., see Langner, Paul H., 

Rose, Frederick A., see Schroeder, Edmund F., 
697 

Rosenthal, Otto, and McCarthy, Miles D.,_ 
Postburn azotemia, its significance as cri- 
terion of the severity of thermal injury and 
of the efficacy of fluid therapy, 755 
Rubella, with a review of. Maternal disease as 
a principle in the epidemiology of congenital 
anomalies, 366 

Ruffin, Julian M., see Gayer, David, 179 


Uhcum.atic fever, acute, Alteration of the elec- 
trocardiographic P waves in, 321 
pneumonitis occurring in, 22 
Rheumatoid arthritis, The effect of iirostigniine 
(neostigmine) in the muscle spasm of, 153 
I. Introduction to a studv of its patho- 
_ genesis, 713 

^''''■^Pecihe serologic reactions, 716 
pneumococcus antibodies, 71S 
^Ihvcock, R. L.. 591 
Uifkin, Harold, scr Zarrow, Moyer, 289 


Sacks, Milton S., and Andersch, Marie A., Iso- 
lation of a glucose containing cerebroside 
from the spleen in Gaucher's disease, 546 
Salmonella iffiection, 86 sporadic cases of, Bac- 
teriologic, clinical and pathologic experience 
with, 336 

Sampson, John J., and Caplan, Paul C., Altera- 
tion of the electrocardiographic P waves in 
acute rheumatic fever, 321 
Sampson, John J., Late neuronitis following 
proved and suspected cutaneous, faucial and 
wound diphtheria, 432 
Sarcoma, 37, Regression of mouse, produced 
by adrenal cortex extracts, 125 
Sashin, David, Brown, Gregory N., Laffer, 
Norman C., and McDowell, Harold C., with 
Boeing, Paul J., Disseminated coccidioido- 
mycosis localized in bone, 565 
Scherf, D., and Schlachman, M., The effect of 
methylxanthines on the prothrombin time 
and the coagulation of the blood, 83 
Schizophrenia, 107 
Schlachman, M., see Scherf, D., 83 
Schmidt, Carl P., see Ketj’’, Seymour S., 124 
Schmidt, Carl F., see Shenkin, Henry A., 755 
Schneider, R. W., Lewis, Lena A., McCullagh, 
E. Perry, Plasma proteins, I. Alterations in 
diabetic retinitis, 462 
Schnitzer, R. J., see Buck, M., 306 
Schroeder, Edmund F., Rose, Frederick A., and 
Most, Harrj', Effect of antimony on the elec- 
trocardiogram, 697 

Schroeder, Edmund F., see Most, Harry, 550 
Scott, Roy W., see Davis, William D., 449 
Seager, Uoj'd D., Shoemaker, Wm. G., and 
\\ ells, George, Blood levels of penicillin after 
various forms of oral administration, 90 
Sedimentation rate of red blood cells of man, 
Effect of room temperature on, 207 
Seegal, Daiud, sec Patek, Arthur J., Jr., 561 

oCliOrS. A- T. _ T nyrtne^ T? "D 'r 


Sellers, A._L., sec Levfine, E. B., 7 
^enility. Note on hippuric acid synthesis in, 302 
Sero ogic ri^ctions, non-specific, Rheumatoid 
arthritis, il6 

Sevringhaus, Elmer L., see Kimble, M. S., 574 



768 


' C52 


^empenifure eff ^ 

'Wth 


~;;^a, John, ..f, Poctoris f"' 
train, ’■e^orcncf io ^P^’on, 

i’°rah-n/’ 9°-'^Pt'cafion- f '" 312 -"“'"^o/e in t/;'-">-'^''-. -fJehn /' 

''i<h snocf,! of Di,l,„ / ^ if. jo-j 

‘^■on,bo.i5, <0 Me ^ 

" i t - . f af cn ’aJ"''’''^’ ^ar^";;-*.' 

ffonth Pacih. V,g".'- /.--- 



